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ABSTRACT 



Context. We present the analysis of supernova remnants (SNRs) and candidates in M31 identified in the XMM-Newton large pro- 
gramme survey of M31. SNRs are among the bright X-ray sources in a galaxy. They are good indicators of recent star formation 
activities of a galaxy and of the interstellar environment in which they evolve. 

Aims. By combining the X-ray data of sources in M31 with optical data as well as with optical and radio catalogues, we aim to 
compile a complete, revised list of SNRs emitting X-rays in M 3 1 detected with XMM-Newton, study their luminosity and spatial 
distribution, and understand the X-ray spectrum of the brightest SNRs. 

Methods. We analysed the X-ray spectra of the twelve brightest SNRs and candidates using XMM-JVewton data. The four brightest 
sources allowed us to perform a more detailed spectral analysis and the comparison of different models to describe their spectrum. 
For all M 31 large programme sources we searched for optical counterparts on the Ha, [Sii], and [Om] images of the Local Group 
Galaxy Survey. 

Results. We confirm 21 X-ray sources as counterparts of known SNRs. In addition, we identify five new X-ray sources as X-ray and 
optically emitting SNRs. Seventeen sources are no longer considered as SNR candidates. We have thus created a list of 26 X-ray 
SNRs and 20 candidates in M31 based on their X-ray, optical, and radio emission, which is the most recent complete list of X-ray 
SNRs in M 31. The brightest SNRs have X-ray luminosities of up to 8 x lO"** erg s"' in the 0.35 - 2.0 keV band. 

Key words. ISM: supernova remnants - Galaxies: ISM - Galaxies: M 31 - X-rays: galaxies - X-rays: ISM 



1. Introduction 

The Andromeda galaxy (M 31) is the largest galaxy in the Local 
Group and the nearest spiral galaxy to the Milky Way. Its size 
and mass are comparable to those of our Galaxy. Therefore, this 
archetypical spiral galaxy provides us a unique opportunity to 
study and understand the nature and the evolution of a galaxy 
like our own. Various authors have studied the star formation 
history in different regions of M 3 1 using observations with both 
the Hubble Space Telescope {HST) and large ground-based tele- 
scopes (e.g., the Local Group Galaxy Survey [LGGS] performed 
at the Kitt Peak National Observatory [KPNO] and the Cerro 
Tololo Inter- American Observatory, Williams i2003 : Massey et 
al. ^006). Deep HST photometr y has shown that th e mean age 
of the disk of M 31 is ~ 6-8 Gyr (Brown et al. 2006) and that the 
average metallic ity is [Fe/H] ^ -0.6 dex ( Bellazzini et al.,i,2003l) . 
IWilliamsl (I2003h measured a mean star formation rate of about 
1 MfD yr"' in the full disk of M 3 1 . iTabatabaei & B erkhuiisenI 
( 1201 Ol) have recently studied the dust distribution and computed 



the de-reddened Ha distribution in the disk of M 3 1 . They de- 
rived a star formation rate of 0.27 Mq yr"' for the radial range 
of 6 < < 17 kpc with an increase to about twice the mean 
value at around R - 10 kpc. Although the current star forma- 
tion rate in M 3 1 is lower than that of the Milky Way, M 3 1 
seems to have undergone more active star formation periods. 
In addition to the well-known dust ring at a radius of ~10 kpc 
(Brinks & Shane 1984; Dame et allll993h with enhanced stai- 
formation, Block et al. (2006) found an inner dust ring with a 
radius of 1 - 1 .5 kpc, which has apparently been created in an 
encounter with a companion galaxy, most likely with M 32. 

First observations of individual sources in M 3 1 in X-rays 
were performed with the Einstein Observatory (iGiacconi et al.l 
Il979h in the energy band of 0.2 - 4.5 keV and yielded 
the first catalogues o f X-ray sources in the field of M31 



dvan Spevbroeck et all [l979t iTrinchieri & Fabbianol Il99ll) . In 



* Based on observations obtained with XMM-Newton, an ESA sci- 
ence mission with instruments and contributions directly funded by 
ESA Member States and NASA. 



the 1990s. ROSAT (lTrumpeilll98 2l) observed M31 in the 0.1 
- 2.4 keV band and reveal ed a total of 560 sources in the field of 
M 31 (Supper et al. 1 19971 hereafter SHP97; Supper et al. '200il 
hereafter SHLOl). T he next generation X-ra y satellites Chandra 
X-ray Observatory (IWeisskopf et al.l l2002b and X -ray Multi- 
Mirror Mission (XMM-JVewton, Jansen et al.l200ll) . which were 
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both launched in 1999, have significantly improved spatial and 
spectral resolutions with respect to the prior X-ray telescopes. 
They have also performed several observations of M31 and 
allowed both to obtain a comprehensive list of X-ray sources 
and to stu dy individual sourc es (e.g., Osborne et alj 20011: 
Kong et alj[20 02b: Kaaret 2002: Pietsch et alJl2005l : IStiele et alj 



200 8: Barnard et al. 2008). The entire galaxy M 31 was observed 
by XMM-Newton in a large programme (LP) between June 2006 
and February 2008 with the European Photon I maging Cameras 
(EPICs, ,Struderetal.ll200U iTurner et al.ll200T]) as prime instru- 
ments. The XMM-Newton source catalogue with 1897 sources 
has been pubHshed by Stiele et al. (2011' hereafter SPHll). 

Supernova remnants are the aftermath of stellar explosions 
releasing a large amount of energy in galaxies. The spherically 
expanding blast wave shock produces a cavity in the interstel- 
lar medium with a very low-density, high-temperature interior, 
which predominantly emits soft X-ray radiation. In addition, 
relativistic electrons and heavier particles in SNRs emit syn- 
chrotron emission which can be detected in radio and in some 
cases also in X-rays. After a few thousand years, the SNR be- 
comes radiative, i.e., the radiative losses in SNR shocks expand- 
ing into the ambient ISM become non-negligible and the shell 
emits energy as UV and optical line emission. If a neutron star 
is created in the supernova explosion a pulsar and/or a pulsar 
wind nebula (PWN) can be found inside the SNR, in which par- 
ticles are accelerated in the strong magnetic field of the neutron 
star and thus non-thermal emission is pr oduced. SNRs in M 3 1 
were mainly d etected in the opti cal (e.g., D'Odorico et al.|[r980l: 
iDennefeld & Kunth 1981; Blair et alJl98lh and in c ombined op- 
tical and radio studies (Br aun & WalterbosI Il993b . The X-ray 
survey performed with RO SAT led to the detection of 16 X-ray 
SNRs dSupper et al.l2()0lh, while 21 were detected and i d entified 
with XMM-Newton dPietschetaD l2005h . iKong et alj ( l2002d) 
presented the first resolv ed X-ray image o f an SNR in M31 
taken with Chandra, while lKong et alJ ( l2003l) andlWilliams et alj 
( l2004b.) reported on the discovery of new SNRs in M 3 1 based 
on Chandra data. 

In this paper, we present the study of all X-ray sources that 
have been suggested to be SNRs or candidates of SNRs in M 3 1 
based on a complete survey of M 3 1 performed within the frame- 
work of the LP of XMM-Newton (SPHl 1). Through a detailed 
study of each SNR and candidate detected by XMM-Newton, 
we have obtained an improved sample of SNRs in M31 con- 
sisting of X-ray or optically confirmed SNRs as well as bona- 
fide candidates. We have performed a spectral analysis of the 
bright SNRs and candidates in the catalogue of SPHll. Using 
optical data of the LOGS, we have searched for optical coun- 
terparts of the X-ray SNRs and candidates showing optical Ha, 
[Sii], and [Oiii] emission from the radiative shock. We newly 
calibrated the LGGS data to obtain optical fluxes and computed 
the [S ii]/Hq' flux ratio, which is an indicator of SNR emission 
in the optical. This study has also allowed us to identify sources 
that are most probably no SNRs. In addition, we have performed 
statistical studies using the revised list of SNRs and candidates 
in M 3 1 detected with XMM-Newton. 



2. Data 

2.1. X-ray data 

XMM-Newton performed a survey of M31 as a large pro- 
gramme between June 2006 and February 2008. The analysis 
of the entire data of this survey including additional archival 
data taken between June 2000 and July 2004 is presented by 



Fig. 1. The positions of X-ray SNRs and candidates detected 
with XMM-Newton are shown on a Digitised Sky Survey 2 
(blue) image. The sources are marked with new classifications 
of this work (see Sect.|4]i. In addition, the position of the dwarf 
elliptical M32, a satellite galaxy of M 31, is indicated by a yel- 
low cross. 



SPHll. These observations in total covered the entire D25 el- 
lipse of M 31 down to a limiting luminosity of ~ 10^^ erg s"' in 
the 0.2 - 4.5 keV band. A total of 1897 sources were detected in 
the XMM-Newton survey data (SPHl 1). The sources were iden- 
tified or classified based on their X-ray hardness ratios, spatial 
extent, and variability as well as through cross-correlation with 
catalogues in the X-ray, optical, infrared, and radio wavelengths. 
In the end, 25 sources were identified by SPHl 1 as known SNRs 
and 31 additional sources were classified as SNR candidates 
based on their X-ray properties. Their positions are shown on 
a Digitised Sky Survey (DSS) 2 blue image in Fig.[T] While the 
main objective of the work by SPHl 1 was to create a source cata- 
logue of all XMM-Newton detections in the field of M 3 1 , we are 
interested in one particular class of objects, namely SNRs, which 
are soft and intrinsically extended sources. Therefore, we repro- 
cessed and analysed the data using XMMSAS version 10.0.0 
to obtain data products, which are best suited for the study of 
SNRs. We created mosaic images of data taken from all obser- 
vations between 2006 and 2010 in the bands 0.2 - 1.0 keV, 1.0 
- 2.0 keV, and 2.0 - 4.5 keV. The images are binned with 2" x 
2" pixel size and smoothed with a Gaussian with a width of 10". 
The three colour images created with the three bands zoomed in 
on each source are shown in Figs.|2]|3] and Appendix lAl 

The X-ray energy bands used for the detection and calcu- 
lation of hardness ratios by SPHll are Z?i = 0.2 - 0.5 keV, 
B2 = 0.5 - 1.0 keV, B3 = 1-0 - 2.0 keV, B4 = 2.0 - 4.5 keV, 
and B5 - 4.5 - 12 keV. The hardness ratios and errors are de- 
fined as HRi = (C,+i - C/)/(C,+i + C) and EHRi = 2 x 
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Table 1. Additional X-ray sources in the XMM-Newton M 31 survey catalogue bv lStiele et alJ (1201 ih analysed in this work. 



[SPHU] 


RA (2000.0) 


Dec (2000.0) 


Pos. error 


Rate 


ML" 


HR," 






HRi," 


ID 






[arcsec] 


[cts/s] 












Additional SNR candidates 


811 


00 42 10.60 


+40 51 49.1 


6.19 


3.0e-3±1.0e-4 


8.3 


-0.46+0.46 


0.48+0.46 


-0.83+0.36 




833 


00 42 14.60 


+40 52 04.7 


4.30 


3.2e-3±5.0e-5 


26 


0.73+0.17 


-0.09+0.17 


-0.84+0.23 




' 1121 


00 43 03.70 


+41 37 17.2 


4.47 


5.4e-3±1.0e-^ 


17 




0.45+0.24 


0.14+0.19 


-0.23+0.36 


1286 


00 43 42.08 


+41 47 09.5 


7.42 


2.2e-3±5.0e-5 


8.6 


0.74+0.27 


-0.38+0.23 


-0.85+0.46 




1461 


00 44 28.62 


+41 49 48.7 


7.00 


2.7e-3±7.0e-5 


8.7 


0.63+0.33 


-0.58+0.29 






' 1468 


00 44 30.56 


+41 23 06.2 


4.84 


4.0e-3±6.0e-5 


38 




0.82+0.16 


0.16+0.17 


-0.66+0.30 


" 1611 


00 45 18.44 


+41 39 36.3 


3.42 


7.5e-3±8.0e-5 


94 




0.85+0.17 


0.29+0.11 


-0.13+0.14 



Notes. Sources in this table have been studied as possible SNR candidates based on optical data (see Sect. l2.1l l. 

Detection likelihood. Hardness ratios. Classified as a hard source by SPHl 1. Classified as a foreground star candidate by SPHl 1. 



See flg2.jpg. 

Fig. 2. XMM-Newton three colour image (red: 0.2 - 1.0 keV, green: 1.0 - 2.0 keV, blue: 2.0 - 4.5 keV), continuum subtracted 
LGGS Ha, [S ii], [O iii] images, and [S iiI/Hq- ratio image with XMM-Newton 3cr positional error circle (solid) for source [SHPl 1] 
182. The dashed circle shows the extraction region for the optical emission. The shown area has a size of ~\' x 1'. The label 
gives the source number of the XMM-Newton catalogue (SPHl 1) followed by the coordinates. The positions of all detected XMM- 
Newton sources are marked in the XMM-Newton images (left) with crosses. Appendix|A]with images of other sources is available 
electronically only. 

See flg3.jpg. 

Fig. 3. XMM-Newton colour images (red: 0.2 - 1.0 keV, green: 1.0 - 2.0 keV, blue: 2.0 - 4.5 keV) of sources 1437, 1669, 1748, 
and 1796, which are located outside the regions covered by LGGS (see Sect. 12. 21 ). The shown area has a size of ~r x 1'. 



V(C,+i X £C,)2 + id X £C,-+i)2)/(C,+i + C,)2, / =1,2,3,4. d 
and ECi are the count rates and errors in the energy band 
Table IB. II lists the SNRs and candidates classified by SPHll 
along with their positions, count rates, detection likelihoods, and 
hardness ratios. If a hardness ratio HRi, HR2, HRt,, or HR4 is 
not given in Table IB. II it was not calculated due to poor pho- 
ton statistics in the corresponding bands. The sources in Table[T] 
were not classified as SNR candidates by SPHll. However, the 
study of optical data while planning follow-up observations of 
the XMM-Newton LP survey of M 3 1 revealed shell-like optical 
emission line sources at the X-ray positions indicating that these 
sources might be SNRs. Therefore, we included these sources 
also in our work. 

2.2. Optical data 

M31 was observed during the Local Group Galaxy Survey, 
which was carried out with the 4 m telescope at KPNO 
dMassev et al.ll200 ^. Continuum images as well as narrow band 
Ha, [S 11], and [O iii] images are available for 10 fields, which in 
total cover the entire galaxy. Each field covers ~35' x 35' and 
the median seeing of the observations was ~1". Bias-corrected 
and flat-fielded images can be downloaded from the LGGS web 
sit43- For the emission line images the photometric uncertainty 
is ~5% according to the LGGS web page. We subtracted scaled 
R band continuum images from the Ha and [S 11] images and 
scaled V band continuum images from the [O iii] images. 

Figures |2] and Appendix |A] show continuum subtracted 
LGGS Ha, [Sii], [Oiii] images, and [Sn]/Ha ratio image with 
the XMM-Newton 3cr positional error circle for each source, 
along with the XMM-Newton images described in Sect. 12. II 
Four sources ([SPHl 1] 1437, 1669, 1748, and 1796) are located 
outside the regions covered by LGGS. The XMM-Newton three 



' http://www.lowell.edu/users/massey/lgsurvey.html 



1437 00:44:21. 18,+42:1 6:21 .9 1437 00:44:21. 18,+42:1 6:21 .9 




1437 00:44:21. 18,+42:16:21.9 1437 00:44:21. 18,+42:1 6:21 .9 




Fig. 4. SDSS-III images (upper left: m, upper right: r, lower left: 
/, lower right: z band) of [SPHll] 1437. The shown area has a 
size of ~1' X 1'. Figure Ofor sources [SPHll] 1669, 1748, and 
1796 is available electronically only. 

colour images of these sources are shown in Fig.|3] We used im- 
age data from the Data Release 8 of the Sloan Digital Sky Survey 
(SDSS) Ilfl in order to search for possible optical counterparts 
for these sources. The u, r, i, and z band images are shown in 
Figs.|4]and|C] For all sources, we also checked the HST archive 
for optical images in order to search for possible counterparts. 
While for most sources the LGGS and SDSS images were suf- 
ficient to identify possible counterparts, in the case of [SPHll] 
1505 the HST image revealed a background galaxy, which is not 

" http://www.sdss3.org/ 
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0.4 0.5 0.6 0.7 0.8 
[S ll]/Ha, Massey et al. 2007 

Fig. 5. [S n]/Ha flux ratios of sources, for which we computed 
the flux using the LGGS data and there is a corresponding entry 
in the emission line source catalogue of iMassev et al.l (l2007h . 
The fitted line with a slope of 1.0 is shown. 



resolved on the LGGS images, and thus allowed its classification 
as a background source (see Sect. 14. 3. 7t . 

The SNRs and candidates are located in fields F2 to F9 of 
the LGGS survey. We first calibrated the images in fields F4, F5 , 
and F6 based on the Ha, [S ii], and [O iii] fluxes of [SPHll] 883 
(r2-57) and [SPHl 1] 1040 (r3-84) determined bv lWilUams eTal] 
(i2004bh . allowing us to calculate the flux in erg c m s from 
the cou nt rates in the images. The publication of Wi lliams et alJ 
(I2004bl) also includes the Ha and [S ii] fluxes of [SPHl 1] 1234. 
The rOm l flux for [SPHll] 1234 wa s obtained from the publi- 
cation bv lDennefeld & Kunflj (Il98lh . As the LGGS fields have 
a small overlap with the adjacent fields (e.g., F3 has an overlap 
with F2 and F4), we can, e.g., calibrate F3, if F4 is calibrated 
and there are sources which are observed both in F3 and F4. 
In addition, Ho' and [S ii] fl uxes of sources [SPHll] 1 539 and 
1599 could be obtained from lBraun & Walterbosl(ll993l) . By us- 
ing the fluxes of [SPHl 1] 1539 and 1599 in F4, which were ob- 
served in F2, F3, and F4, and com paring the values to their fluxes 
published by Braun & Walterbosj (Il993h . we calibrated fields F2 
and F3. For fields F7, F8, F9, we derived the count-rate-to-flux 
conversion factors by using other sources that were observed in 
many fields, starting with those observed in F6 and F7. For fields 
F8 and F9, however, we were not able to calibrate the [O iii] im- 
ages as there were no sources with significant [O iii] emission 
observed both in F7 and F8. This flux calibration yields an un- 
certainty in the flux in the range of 3 - 20% in most of the fields, 
but up to 50% in some fields, in which there were only a few 
sources in overlapping areas. 

We compared our l ist of source s to t he catalogue of 
emission line objects by ' Massev et al.l (l2007h . We find seven 
common objects. In Figure |5] we plot the [S iiJ/Hq; flux ra- 
tios that we derived (see Sect. l3.2l i over the values in the 
iMassev et al.l (l2007 h catalogue. Except for one outlier, the cor- 
relation is very good with a coefficient of 1.002+0.374 and an 
intercept of 0.098+0.235 (Fig.|5]). The outlier corresponds to 
LGGS J004452.98+415457.7, which is the point source visi- 
ble on the V band image inside the positional error circle of the 
XMM-Newton source [SPHl 1] 1539 (Fig.|6l right). The Ha and 




Fig. 6. Continuum-subtracted LGGS Ho- (left) and LGGS V 
band image (right) of [SPHll] 1539. The shown area has a 
size of ~30" X 30". The XMM-Newton positional error circle 
is shown. The position of LGGS J004452.98+415457.7 is indi- 
cated. 

[Sn] fluxes of the optical source associated to [SPHll] 1539 
(XMMM31 J004452.82+415458.1) was determined in a larger 
area covering the entire extended optical source (Fig.|6] left). 
This is most likely the reason for the discrepancy betwee n our 
flux ratio and that in the catalogue bv IMassev et al.l (12007) cor- 
responding to the point sourc e. In conclusion, the agreement be- 
tween our flux ratios and the IMassev et al.l (l2007h values for the 
small sample of common objects lends credibility to our calibra- 
tion procedure. 

We obtained new optical spectra for three sources, [SPHl 1] 
811, 1156, and 1712, in foflow-up observations of the XMM- 
Newton LP survey undertaken in the period of 2006 - 2011. 
The spectra were acquired with the 3.5 m telescope at the 
Apache Point Observatory, located in the Sacramento Mountains 
in Sunspot, New Mexico (USA) in order to identify the optical 
counterparts of the XMM-Newton sources. These optical spectra 
will be published in a separate paper (Hatzidimitriou, Williams 
et al., in prep.). In the present work we will only use the results 
for these three sources to discuss their nature (see Sect. 14.2.31 
14.3.51 and 14.3.1 lb . The telescope was equipped with the Dual 
Imaging Spectrograph (DIS), a medium dispersion spectrograph 
with separate collimators for the red and blue part of the spec- 
trum and two 2048 x 1028 E2V CCD cameras, with the transi- 
tion wavelength at around 5350 A. 

3. Analysis 

3.1. X-ray spectra 

Out of the 63 sources in Tables IB. II and [1] only twelve had 
enough counts to obtain spectra with good statistics. We ex- 
tracted spectra for these sources and created corresponding an- 
cillary response files and response matrix files. 

We analysed spectra that yielded more than five bins with 
more than 20 counts per bin. The XMM-Newton EPIC spectra 
were all fitted in XSPEC with a model that included two ab- 
sorption components (fixed TBABSl for the column density in 
the Milky Way [MW] in the direction of M 31 of A^h(MW) = 
0.7 X 10^' cm"2 [Stark et al. 1992] and a free parameter TBABS2 
for additional absorption in M 3 1 ) and a thermal emission model. 
To begin with, we used the emission model APEC, which as- 
sumes collisional ionisation equilibrium (CIE). For most of the 
sources, for which we do not have high statistics to study the 
effect of non-equilibrium ionisation (NEI), this model gives us 
an average temperatu re of the hot plasma. The a bundances were 
fixed to solar values (lAnders & Grevesselll989l) in all fits. The 
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Table 2. Spectral parameters obtained from the fits of the EPIC spectra of [SPHll] 1050, 1066, and 1234. 



[SPHU] 


A'h (TBABS2) 


kT (APEC) 


norm (APEC) 






— — 1 7 — 

Red. X 


DOF 


Fiibs" 




ID 


rin21 -2i 

[10 cm j 


[keV] 


r -5t 

[cm ] 










[erg s cm 


-2-1 


1050 


1 (0-17) 


0.19 (0.04-0.25) 


2e-5 






1.0 


34 


l.le-14 




lUoo 


6 (4 - 7) 


U.lo (U.14 - U.zU) 








3.2 




j./e~i4 




Lz.J'-t 


U [ \J ~ Z.) 


U.Zj (^U.UJ — U.Z/ 7 


H-c— J 






Z.D 


D i 


J. DC— 1^ 




[SPHll] 


Nh (TBABS2) 


itr (NEi) 


T (NEI) 


norm (NEI) 




Red. X- 


DOF 






ID 


[10^' 


[keV] 


[10'" s cm-3] 


[cm-5] 








[erg s"' cm" 




1066 


3(2-4) 


3.8(2.8-4.2) 


0.6(0.4-0.8) 


le-5 




2.3 


26 


3.5e-14 




1234 


0(0-1) 


2.2(1.8-3.8) 


0.9 (0.8-1.2) 


4e-6 




1.4 


60 


6.2e-14 




[SPHll] 


A^H (TBABS2) 


kT (APECl) 


norm (APECl) 


kT (APEC2) 


norm (APEC2) 


Red. x^ 


DOF 


■fabs" 




ID 


[10^1 cm-2] 


[keV] 


[cm-5] 


[keV] 


[cm-5] 






[erg s"' cm" 




1234 


4(3-6) 


0.23 (0.18-0.25) 


2.8e^ 


0.04 (0.02 - 0.05) 


3.9 


1.1 


59 


6.4e-14 





Notes. 90% confidence ranges are given in brackets. 
<°' For 0.35 - 2.0 keV. 



spectra are all fitted relatively well with a low temperature of 
kT a 0.2 keV. The results for the fits using a single APEC model 
component are listed in the upper part of Table |2]for the bright- 
est sources [SPHl 1] 1050, 1066, and 1234. For the faintest of the 
three, [SPHll] 1050, the APEC model reproduces the spectrum 
fairly well with reduced = 1.0 (Fig.|7] top). However, the fits 
yield no satisfactory results for the brighter sources. Therefore, 
we also modeled the spectra with a non-equilibrium ionisation 
model NEI or a combination of two APEC models instead of a 
single APEC model (see Table |2]i. 

The brightest X-ray SNR in M31 is [SPHll] 1234 
(XMMM31 J004327.93H-41 1830.5). The spectral analysis re- 
vealed that its spectrum consists of at least two thermal com- 
ponents with temperatures of kT - 0.04(0.02 - 0.05) keV and 
kT = 0.23(0.18 - 0.25) keV (Tableland Fig.|7l middle). It is an 
SNR first identified in the optical with a nice round shell clearly 
visible in Ha, [S ii], and [Oiii] (see Sect. ID.li7b . As can be seen 
in the Ho- data, the remnant is located in an H ii region. The X- 
ray spectrum therefore seems to be the superposition of the hot 
gas inside an interstellar bubble and the emission of the SNR. 

The second brightest source is [SPHll] 969 
(XMIVIM31 J004239.82-H404318.8), which has been sug- 
gested to be an SNR candidate based on its soft X-ray spectrum. 
The spectral analysis by SPHll revealed that its spectrum is 
best modeled with a non-equilibrium plasma with a low tem- 
perature kT - 0.2 keV and a strikingly low ionisation timescale 
T = 2 X 10^ s cm"-' x 6 yrs cm"-', implying a very low density 
of = 6 X 10"^ cmr^ if the SNR had an age of -10,000 yrs. 
The source is located at the outer rim of the optical disk of 
M 31 (green annulus south of M 32 in Fig.[T]). Therefore, if this 
is an SNR it might have been expanding in a very low density 
medium. We tried to fit its spectrum with a model including a 
power-law component, which yields an unreasonably high index 
of r = 6.0 (5.2 - 7.0). Higher statistics X-ray data are necessary 
to understand the emission of this source. 

The third brightest source [SPHll] 1066 
(XMMM31 J004253.53-H412551.0) is an optically identi- 
fied SNR and has a rather hard spectrum in X-rays with a high 
temperature and low ionisation timescale (see Table|2]and Fig.|2l 
bottom). This spectrum is consistent with a young SNR. The 
statistics are not high enough to verify if there is a non-thermal 
component. 



3.2. Optical flux 

As mentioned earlier, except for four sources, the X-ray SNRs 
and candidates are located in regions covered by the LOGS data. 
For these sources, we determined the Ha, [S ii], and [O iii] fluxes 
and calculated the flux ratio [S ii]/Ha'. The [S ii]/Ha' flux ratio is 
a diagnostic tool to distinguish the shock-ionised diffuse emis- 
sion of SNRs from those of photo-ionised H ii regions or plan- 
etary nebulae. The radiative shocks in SN Rs produce a higher 
[S n]/ Ha ratio, typically higher than 0.5 (iBraun & WalterbosI 
119931) . Values around [S ii]/Ra - 0.4 - 0.5 might indicate an 
SNR nature, however, shells or filaments in H ii regions can also 
reach similar [S ii]/Ha ratios. Therefore, we apply the hard limit 
of [S n]/Ha > 0.5 for SNRs. To measure the flux, we looked 
at the optical images for aU sources, if available, one by one. 
If there is optical emission that seems to be the optical coun- 
terpart of the X-ray source the extraction region was adjusted 
by eye to cover the entire optical emission. For sources with- 
out obvious optical emission, the size of the 3cr error circle of 
the XMM-Newton position was used. For instance, the extrac- 
tion region of [SPHll] 414 in Fig.|A]l was left as it is shown 
in the figures, whereas for [SPHl 1] 182 in Fig.|2] the extraction 
region was increased in size and shifted to cover the entire cir- 
cular optical source seen in all optical images (dashed circle). 
The background emission was estimated locally for each source. 
Based on the optical fluxes and the [S ii]/Hq' ratio, we confirmed 
five sources with significant Ha, [S ii], and [Oiii] emission and 
an [S ii]/Ha ratio higher than 0.5 as new SNRs (see Table|3]l. 

Another class of extended soft X-ray sources are interstel- 
lar bubbles and superbubbles in the interstellar medium of a 
galaxy, which are formed by stellar winds of massive stars. 
Studies of superbubbles in the Large Magellan ic Cloud by, e.g., 
IChu & Mac Low! (1 19901) or lDunne etaP d200lh have shown that 
the X-ray luminosities of X-ray bright superbubbles is higher 
than what is predicted by theo retical models (e.g., the standard 
model by IWeaver et alJ Il977l) . This indicates that the energy 
sources of the X-ray bright superbubbles are not only the stellar 
winds of massive stars, but also supemovae, and thus the shock 
waves of SNRs that occurred inside the superbubble. In contrast 
to the shock-ionised gas of SNRs, the gas in H n regions around 
such superbubbles is mainly photo-ionised and the expansion ve- 
locities are too low to form a radiative shock. Therefore, the 
[S n]/Ha' ratio is lower in superbubbles than in SNRs. Some 
sources in our list have optical counterparts with a large extent 
and low [S ii]/Ha' ratio (~0.3). These sources are most likely su- 
perbubbles or SNRs in a superbubble. We want to point out that 
sources classified as SNR candidates in the catalogue of SPHll 
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Table 3. X-ray SNRs in M 31 detected with XMM-Newton. 



[SPHU] 










[Sii] 




[Oiii] 




[S ii]/Ha 


L (0.35 ~ 2.0 keV)° 


ID 


[erg cm 


-2-1 -^-] 

s arcsec -J 


[erg cm 


- s arcsec -J 


[erg cm 


^ s ' arcsec ^] 




[erg s"'] 


Known SNRs* 


182 


1.4e- 


-14±2.9e- 


-15 


1.5e- 


-14+7.5e-15 




N/A 




1.1+0.6 


2.2e+35 


474 


2.5e- 


-14±5.2e- 


-15 


2.6e- 


-14±1.3e-14 


2.3e- 


-14±l.le- 


-14 


1.0±0.5 


6.9e+35 


883 


9.7e- 


-15±5.7e- 


-16 


9.2e- 


-15±1.9e-15 


2.4e- 


-16±2.7e- 


-17 


0.9±0.2 


4.0e+35 


1040 


l.le- 


-14±6.5e~ 


-16 


9.0e~ 


-15+1.9e-15 


1.7e- 


-14+1.9e- 


-15 


0.8±0.2 


l.Oe+36 


1050 


7.5e- 


15±4.4e- 


-16 


7.7e- 


-15+1.5e-15 




0.0 




1.0±0.2 


1.2e+36 


1066 


2.2e- 


-14±1.3e- 


-15 


1.9e- 


-14±3.9e-15 


2.1e- 


-14±2.3e- 


-15 


0.9±0.2 


3.8e+36 


1234 


5.6e- 


-14±3.3e- 


-15 


4.2e- 


-14±8.7e-15 


3.7e- 


-14±4.1e- 


-15 


0.7±0.2 


8.0e+36 


1275 


3.0e- 


-14±1.7e- 


-15 


2.8e~ 


-14+5.8e-15 


5.4e- 


14+6.0e- 


-15 


0.9±0.2 


3.1e+36 


1291 


3.1e- 


-17±1.9e- 


-18 




0.0 


1.8e- 


-17+2.0e- 


-18 


0.0 


1.8e+36 


1328 


5.9e- 


-15±3.4e- 


-16 


2.5e- 


-15±5.1e-16 


1.6e- 


■14±1.8e- 


-15 


0.4±0.1 


1.2e+36 


1351 


3.8e- 


-14±2.2e- 


-15 


3.1e- 


-14±6.4e-15 


6.4e- 


-14±7.2e- 


-15 


0.8±0.2 


6.5e+35 


1386 


5.9e- 


-14±3.4e- 


-15 


1.3e- 


-14±2.7e-15 


6.3e- 


-15±7.1e- 


-16 


0.2±0.0 


2.2e+35 


1410 


1.2e- 


-14±6.8e- 


-16 


l.le- 


-14±2.3e-15 


7.1e- 


-15+8.0e- 


-16 


0.9±0.2 


8.5e+35 


1497 


4.7e- 


14±2.7e~ 


-15 


2.5e~ 


-14+5.2e-15 


3.0e- 


-14+3.4e- 


-15 


0.5±0.1 


5.9e+35 


1522 


2.4e- 


-14±1.4e- 


-15 


2.5e- 


-14±5.1e-15 


1.2e- 


-14±1.3e- 


-15 


1.0±0.2 


4.4e+35 


1539 


2.1e- 


-14±6.4e- 


-15 


2.1e- 


-14±4.3e-15 


2.7e- 


-15±8.2e- 


-16 


1.0±0.4 


2.1e+35 


1587 




0.0 






0.0 




0.0 




0.0 


3.6e+35 


1593 


2.6e- 


-14±7.9e- 


-15 


2.6e~ 


-14+5.4e-15 


6.2e~ 


-14+1.9e- 


-14 


1.0±0.4 


1.7e+35 


1599 


5.8e- 


-14±3.4e- 


-15 


5.4e- 


-14±l.le-14 


9.7e- 


-14±2.9e- 


-14 


0.9±0.2 


2.1e+36 


1793 


3.5e- 


-16±l.le- 


-16 


2.5e- 


-16±5.2e-17 


2.9e- 


-16±8.8e- 


-17 


0.7±0.3 


5.1e+35 


1805 


3.2e- 


17±9.7e- 


-18 


9.6e~ 


-17+2.0e-17 


4.5e- 


-16+1. 3e- 


-16 


3.0±1.1 


8.0e+35 



Newly confirmed SNRs based on optical and X-ray data 



1079 


3.9e- 


-15±8.1e- 


-16 


3.4e- 


-15±1.7e- 


-15 


1.4e- 


-14±7.0e- 


-15 


0.9: 


tO.4 


5.5e+35 


1148 


2.3e- 


-16±1.3e- 


-17 


1.8e- 


-16±3.7e- 


-17 


1.7e- 


-15±1.9e- 


-16 


0.8: 


tO.2 


2.9e+35 


1370 


8.2e- 


-17±4.8e- 


-18 


6.9e- 


-17±1.4e- 


-17 


2.6e- 


-16±7.9e- 


-17 


0.8: 


±0.2 


3.0e+35 


1481 


7.6e- 


-14±4.4e- 


-15 


6.3e- 


-14±1.3e- 


-14 


3.7e- 


-14±4.2e- 


-15 


0.8: 


±0.2 


4.6e+35 


1548 


2.1e- 


-15±6.4e- 


-16 


2.3e- 


-15±4.8e- 


-16 


1.5e- 


-15±4.6e- 


-16 


1.1: 


±0.4 


2.1e+35 



Notes. No [O III] flux was calculated for sources that were only observed in Fields F8 and/or F9 ([SPHl 1] 182; see Sect. l2.2t . 

See Sect. l6. II SNRs known from literature. The optical fluxes and the flux ratios were determined from the LGGS data but were not used for 
the classification. 



can as well be superbubbles since the classification was based on 
X-ray hardness ratios, which will indicate a soft source for both 
superbubbles and SNRs. 



4. New classifications 

All sources in Tables IB. II and [1] have been studied in detail 
and are (re-)classified as SNR, SNR candidates, or rejected (see 
TablesElll] and|5]l. 

Here, we summarise the X-ray and optical results for each 
source and its identification. In the SPHll catalogue, following 
criteria were applied to identify SNRs and candidates: 

1. Soft sources with///? 1 > -OA, HR2+EHR2 < -0.2 are clas- 
sified as SNR candidates if no foreground star was detected 
at the X-ray position. 

2. A source that fulfilled criterion 1 and had a known SNR as a 
counterpart was identified as an SNR. 

3. A source that did not fulfill criterion 1 but had an SNR coun- 
terpart in radio or optical and showed no significant variabil- 
ity was classified as an SNR candidate. 

We have analysed the LGGS Ha, [Sii], and [Oiii] data to 
obtain the optical emission line flux of the sources and to study 
their morphology. In the following, we will discuss for each 
source 1) why the source was classified as an SNR or a can- 
didate by SPHll and if there are any interesting details in the 
X-ray image or spectra, 2) its optical properties, and 3) a revised 
classification based on these new results. Specifically, we have 



- confirmed an XMM-Newton source as an SNR if the X-ray 
source is soft (i.e., fulfills criterion 1 of SPHll), there is no 
foreground star at its position, and is has either a radio coun- 
terpart classified as an SNR or an optical counterpart with 
[Sn]/Ha'>0.5, 

- newly classified an XMM-Newton source as an SNR if its 
spectrum is soft, there is no foreground star at its posi- 
tion, and the optical counterpart incidates an SNR ([S ii]/Ha 

> 0.5), 

- classified an XMM-Newton source as an SNR candidate if 
a source has a soft X-ray spectiTim, no foreground star as 
counterpait, and neither optical nor radio counterpart indica- 
tive of an SNR, 

OR a source has a soft X-ray spectrum, a foreground star 
at its position, but also an optical counterpart with [S ii]/Ha 

> 0.5, 

OR a source had been identified as an SNR before and has a 
soft X-ray spectrum, but a possible foreground star together 
with diffuse optical emission was found in this work, 
OR a source has a hard X-ray spectrum and a radio counter- 
part, 

OR a hard source has an optical counterpart with [S ii]/Ha 

> 0.5. 

The new classifications are presented in the following. The 
details on the X-ray and optical properties for the sources, 
for which the classication remains unchanged, are available 
electronic ally in App.lDl We assume a distance of 744 kpc 
to M31 dVilardell et aO l20Toh . At this distance 1" corre- 
sponds to 3.6 pc. We use the following abbreviations for 
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Source 1050(00 42 50.47, +41 15 56.7) - APEC 




0.5 1 2 

Energy(keV) 

Source 1234(00 43 27.93, +41 18 30.5) - APEC+APEC 




0.5 1 2 

Energy(keV) 

Source 1066 (00 42 53.53, +41 25 51.0) - NEI 




- 
-2 - 



Energy(keV) 



Fig. 7. Spectrum of [SPHll] 1050, 1234, and 1066 with an 
APEC, APEC+ APEC, and NEI model, respectively. EPIC-pn spec- 
trum with fitted model is shown in black, MOSl in red, and 
MOS2 in green. 



publications, which we refer to in this section: Baade & Ari 
(1964, BA64), Braun (199 0[ B90 ), [Braun & Walterbos (199| 
BW93 ), iD'Odorico et al.l ll980l D DB801. Pi Stefa no et al. 



2004 



(2005 



(1995 

[Pietsch et al 



DKG04), iGelfand et al." 72004 GLG04), Gelfand et al] 
GLG05),jKong et al. (2002b, KGP02 ), Magnieretal. 
MPV95)Jprio (2006, O06), Pellet et al. ( 1978, PAV78), 
2005, PFH05 ), Shaw Greenin g et al. (2009. 

WB92), IWilliamsetal] 



SBK09l lmiterbos & BraunI ([199 



(I2004ai WGK041. and lWilhams et a^(l2004bl WSK041. 



4.1. New SNRs 

4.1.1. [SPH11] 1079:XMMM31 J004255.50-I-405946.4 

[SPHl 1] 1079 is a soft X-ray source with no foreground star at 
its position. Therefore, it was classified as an SNR candidate by 
SPHll. 

There is a diffuse optical source located at the X-ray position, 
visible in all three Ha, [Sii], and [Oiii] images (Fig.|Af). The 
flux ratio is [S ii]/Ua - 0.9 + 0.4, indicating that it is an SNR. 
The extent of the diffuse emission is ~9". It has a bright concave 
arc-like structure in the south-west. Based on the X-ray hardness 
ratios and the optical flux ratio, we classify this source as a new 
SNR. 



4.1.2. [SPHll] 1148:XMMM31 J004308.85+41 0305.4 

[SPHl 1] 1 148 is a soft X-ray source. As no foreground star was 
found at its position, it was classified as an SNR candidate by 
SPHll. 

The flux ratio derived from the LGGS data is [S ii]/Ha = 
0.8 + 0.2 (Table |3]l suggesting that it is an SNR. It is very faint 
and diffuse on the optical emission line images with an extent of 
~12" and patchy structures (Fig.|Af). This morphology is simi- 
lar to that of [SPHl 1] 1282 and 1328. Based on the X-ray colour 
and the optical line flux ratio we classify this source as an SNR. 



4.1.3. [SPHll] 1370:XMMM31 J004404.55+41 5806.5 

[SPHl 1] 1370 is a soft X-ray source without a foreground star at 
its position, which therefore was classified as an SNR candidate 
by SPHll. 

We detected very faint Ho-, [S ii], and [Oiii] emission in the 
LGGS data with a flux ratio of [S ii]/Hq' = 0.8 ±0.2 (see TableO, 
which is hardly visible on the images (Fig.|A]7). This optical line 
flux ratio indicates that this source is indeed an SNR. Therefore, 
the source is now classified as an SNR. 



4.1.4. [SPHll] 1481:XMMM31 J004434.90+412512.7 

[SPHll] 1481 is a faint, soft source with no foreground star at 
its position. Based on its hardness ratios it was classified as an 
SNR candidate by SPHll. 

The X-ray source is coincident with the optical source 
[BW93] K490A located slighdy to the north, which had been 
suggested to be an SNR candidate (Fig.|A^). The [S ii]/Ha flux 
ratio derived from the LGGS data is 0.8+0.2 and indicates that 
the source is an SNR. The optical source is diffuse and has an ex- 
tent of ~20". It seems to be located in a complex of H ii regions. 
The XMM-Newton source is also located in a region with ex- 
tended soft X-ray emission and was not detected right at the po- 
sition of the optical SNR. If the X-ray detection had been placed 
at the position of the optical SNR, the X-ray count rates would 
have most likely been higher (see Fig.|A^). Therefore, the count 
rates in the catalogue of SPHl 1 are rather underestimated. Based 
on the X-ray and optical properties, we classify this source as a 
new SNR. 



4.1.5. [SPHll] 1548:XMMM31 J004455.73+41 5655.2 

[SPHl 1] 1548 is a faint, soft X-ray source which has been sug- 
gested as an SNR candidate by SPHll based on its hardness 
ratios and the lack of a foreground star as likely counterpart. 
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See flg8a.jpg and fig8b.jpg. 

Fig. 8. LOGS R band images of [SPHll] 263, 472, 509, 1534, 
1608, and 1741. The shown area has a size of -30" x 30". The 
XMM-Newton positional error circle is shown. 

There is a faint arc-like structure in the optical with an extent 
of ~8", which is visible in Ha, [Sn], and [Oiii] at the X-ray 
position (Fig.|A]10). The [S ii]/Ha flux ratio of 1.1+0.4 suggests 
that this object is an SNR. Therefore, we identify this source as 
a new SNR. 

4.2. New SNR candidates 

4.2.1. [SPH11]263:XMMM31 J003945.28+402949.9 

[SPHl 1] 263 is a soft X-ray source with hardness ratios indica- 
tive of an SNR. The X-ray source is coincident with the optical 
SNR [BA64] 339 or [PAV78] 80 and was flierefore identified as 
an SNR by PFH05 and SPHl 1. 

The optical line emission of the LGGS images (Fig.lAl) 
shows a ring-like structure with an extent of ~15", which has 
a flux ratio of [S ii]/Ha - 0.8 + 0.4 at the position of the X- 
ray source, and an additional diff'use emission to the west with a 
lower flux ratio ([S iil/Ha a 0.4). Therefore, it might be an SNR 
embedded in an interstellar bubble. 

The LGGS B, V, R, and / band images show several faint 
point-like sources at the position of the X-ray source, two of 
which appear very red and may be late-type foreground stars. 
These stars might contribute to the detected X-ray emission 
(Fig-El top left). Due to this ambiguity we change the classi- 
fication of the X-ray source to an SNR candidate. Only X-ray 
images with higher spatial resolution than XMM-Newton will 
allow to resolve the contributions from the different sources of 
X-ray emission. 

4.2.2. [SPH11]668:XMMM31 J0041 35.76+41 0655.0 

[SPHll] 668 is coincident wifli the optical SNR [DDB80] 1- 
11 ([BA64] 416), which is also a radio source ([B90] 14). The 
X-ray source has also been detected with Chandra ([DKG04] sl- 
42). Although the hardness ratio HR2 - -0.30 ± 0.15 does not 
fulfill the SNR criterion, PFH05 and SPHl 1 classified the X-ray 
source as an SNR based on its positional coincidence with the 
optical SNR. 

From the narrow-band LGGS images we determine an 
[S ii]/Ha flux ratio of 0.9 + 0.5. The optical SNR has a diam- 
eter of ~8" and is brighter in the north and southwest (Fig.lAB). 

There is a faint star to the southwest inside the error radius 
of the XMM-Newton position (Fig. [8] upper middle right). We 
cannot rule out that the X-ray source is a foreground star X-ray 
data with higher spatial resolution are necessary to separate the 
emission components. Therefore, we classify the XMM-Newton 
source as an SNR candidate. 

4.2.3. [SPHll] 81 1:XMMM31 J00421 0.60+4051 49.1 

[SPHl 1] 81 1 was not classified as an SNR candidate by SPHl 1. 
It is coincident with source [PFH05] 224, which was classified 
as a candidate for a super-soft source. However, a look at DSS 
images in the course of the preparation for optical follow-up ob- 
servations revealed a ring-like structure. 

A circular shell with a diameter of ~12", which is brighter 
in the east, is clearly visible in the Ha, [Sn], and [Oiii] images 
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811 00:42:1 0.60, +40:51:49.1 

- — — ^ 


8.11 00:42:1 0.60,+40:51:49.1 
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Fig. 9. Continuum- subtracted LGGS Ha (left) and LGGS U 
band image (right) of [SPHl 1] 811. The shown area has a size of 
~30" X 30". The XMM-Newton positional error circle is shown. 



of the LGGS (Fig.|Al3). The flux ratio of the shell is [S n]/Ha = 
1.4+0.8 supporting its SNR nature. 

In addition, there is a spoke-like feature extending from the 
centre to the south (Fig.|9l left). On the LGGS U, B, and V 
images there is a bright point-like source at the centre of the 
ring with two additional fainter point-like structures northwest 
and southeast of the bright source (Fig.|9] right). These three 
sources form a line almost perpendicular to the spoke seen in 
the emission line images. We have derived an [S n]/Ha flux 
ratio of 1.15 ± 0.11 from new optical follow-up observations 
(Hatzidimitriou et al., in prep.), which is in good agreement with 
the flux ratio from the LGGS data. The spectrum also shows 
weak Balmer lines and Hei lines in absorption, indicative of 
an early-type star. Therefore, the optical source is most likely 
a composite of an SNR and an OB star in M 3 1 . 

As the X-ray hardness ratios are not indicative of an SNR 
(HRi = -0.46 + 0.46, HR2 = 0.48 ± 0.46, HRj = -0.83 + 0.36), 
but the optical source is most likely an SNR, we classify the 
XMM-Newton source [SPHl 1] 81 1 as an SNR candidate. 

4.2.4. [SPHll] 833: XMMM31 J00421 4.60+405204.7 

[SPHl 1] 833 has hardness ratios not typical of SNRs. It is coin- 
cident with [PFH05] 234. We have identified diffuse Ha, [Sn], 
and [O III] emission and thus regarded the source as an SNR can- 
didate. 

An extended emission line source elongated in the northeast 
to southwest direction (~9" x 2") is found on the Ha, [Sii], 
and [Oiii] LGGS images (Fig.EB). The flux ratio of [Sii]/Ha 
- 1.4+0.7 suggests that the source is an SNR. Therefore, we 
classify this source as an SNR candidate. 

4.2.5. [SPHll] 1286:XMMM31 J004342.08+41 4709.5 

[SPHll] 1286 is a soft source, which marginally did not fulfill 
the criterion of HR2 + EHR2 < -0.2. Diffuse Ha emission was 
found in the optical. 

The LGGS images show a faint diffuse source in Ha, [S 11], 
and [Oiii] (Fig.lAf). The [Sii]/Ha flux ratio is 0.5 + 0.1. This 
value is at the border between SNRs and H 11 regions, thus sug- 
gesting an SNR but not clearly ruling out the H 11 region identifi- 
cation. Therefore, we classify this source as an SNR candidate. 

4.2.6. [SPHll] 1372:XMMM31 J004404.71 +41 4846.7 

[SPHll] 1372 is a faint, soft X-ray source coincident with an 
extended optical source [WB92] 280, which was suggested as 
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Table 4. X-ray SNR candidates in M 31 detected with XMM-Newton. 



[SPHU] 










[Sii] 




[Oiii] 




[S iil/Ha 


L (0.35 ~ 2.0 keV)° 


ID 


[erg cm 


-2-1 -^-] 

s arcsec -J 


[erg cm 


- s arcsec J 


[erg cm 


^ s ' arcsec ^] 




[erg s-'] 


263 


1.4e- 


14±2.9e- 


ls 


l.le- 


-14±5.5e-15 




N/A 




0.8±0.4 


4.0e-(-35 


294 


1.4e- 


16±2.9e- 


-17 


4.2e- 


-17±2.1e-17 




N/A 




0.3±0.2 


2.1e-H36 


414 




0.0 




2.3e- 


-17+1.2e-17 




N/A 




0.0 


4.4e+35 


419 




0.0 




5.6e- 


-18+2.8e-18 


2.5e- 


16+1.3e- 


-16 


0.0 


2.3e-t-35 


441 


2.1e- 


16±4.3e- 


-17 


7.5e- 


-17±3.7e-17 




N/A 




0.4±0.2 


4.0e-)-35 


521 


l.le- 


12±2.3e- 


-13 


2.8e- 


-13±1.4e-13 


8.0e- 


13±4.0e- 


-13 


0.3±0.2 


2.4e+35 


560 


1.8e- 


16±3.7e- 


-17 


5.2e- 


-17+2.6e-17 




N/A 




0.3±0.2 


6.1e-H35 


668 


1.5e- 


14±3.1e- 


-15 


1.3e- 


-14+6.5e-15 


3.1e- 


14+1.6e- 


-14 


0.9±0.5 


l.le-H36 


811 


5.4e- 


15±l.le- 


-15 


7.8e- 


-15±3.9e-15 


2.6e- 


14±1.3e- 


-14 


1.4±0.8 


3.3e-)-35 


833 


3.3e- 


15±6.8e- 


-16 


4.7e- 


-15±2.3e-15 


6.4e- 


15±3.2e- 


-15 


1.4±0.7 


3.5e+35 


969 




0.0 




5.6e- 


-18±2.8e-18 


3.4e- 


17±1.7e- 


-17 


0.0 


7.9e+36 


1083 




0.0 






0.0 


8.1e- 


17+4.0e- 


-17 


0.0 


2.2e-t-35 


1282 


4.1e- 


15±2.4e- 


-16 


1.9e- 


-15+3.9e-16 


3.9e- 


15±1.2e- 


-15 


0.5±0.1 


2.6e-H35 


1286 


4.0e- 


16±2.3e- 


-17 


2.1e- 


-16±4.3e-17 


1.3e- 


15±4.0e- 


-16 


0.5±0.1 


2AS+35 


1332 


2.2e- 


16±1.3e- 


-17 




0.0 


2.3e- 


16±2.5e- 


-17 


0.0 


5.1e-)-35 


1372 


6.2e- 


14±3.6e- 


-15 


1.6e- 


-14+3.3e-15 


l.le- 


14+3.3e- 


-15 


0.3±0.1 


2.2e-l-35 


1535 


2.8e- 


14±1. ee- 


-15 


2.9e- 


-14±6.0e-15 


6.2e- 


14±6.9e- 


-15 


1.0±0.2 


1.6e-H36 


1669 




















3.7e-)-35 


1748 




















2.6e+35 


1796 




















l.le-h36 



Notes. No [Om] flux was calculated for sources that were only observed in Fields F8 and/or F9 ([SPHU] 263, 294, 414, 441, and 560; see 
Sect.|231l. [SPHU] 1437, 1669, 1748, and 1796 are located outside the LOGS fields. 
<"> See Sect.lem 
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Fig. 10. LOGS V (left) and / (right) band images of [SPHll] 
1535. The shown area has a size of -30" x 30". The XMM- 
Newton positional error circle is shown. 



a possible SNR candidate by [MPV95] (source 3-072). It was 
therefore classified as an SNR by PFH05 and SPHl 1. 

The optical source is also visible in the LGGS images 
(Fig.E^). The flux ratio derived from the LGGS data is [S n]/Ha 
= 0.3+0.1, more typical for an H ii region than for an SNR. The 
source is highly extended (~30") and consists of an extended 
round region in the north and an additional arc-like structure in 
the southeast. Therefore, we classify the X-ray source as an SNR 
candidate, probably located in an H ii region. 

4.2.7. [SPH11] 1535:XMMM31 J004451 .07-1-412905.9 

[SPHl 1] 1535 is coincident with the optical SNR [BW93] K583 
and its radio counterpart and was thus identified as an SNR by 
PFH05 and SPHll. 

The optical SNR is relatively compact with an extent of 
~8" and an arc-like structure, which is open to the south- 
west (Fig.E})). It has a flux ratio typical for SNRs ([S iij/Ho' - 
1.0±0.2). The SNR seems to be embedded in a shell-like Hii 
region extending to the northeast, best seen in the Ha image. 



A closer look at the LGGS V, R, I images has revealed two 
star-like objects within the X-ray error circle, i.e., in the pro- 
jected interior of the optical SNR (Fig.fTOt. The object in the 
centre of the X-ray error circle is a star in M 3 1 with a V mag- 
nitude of 19.43 listed as source D3 1 J004451.1-H412905. 6 in the 
catalogue of the DIRECT Project (Mocheiskaet al. 2001). The 
redder object to the west is 2MASS 00445095+4129058 with a 
/ magnitude of 16.063, hsted iri flie 21VIASS All-Sky Catalog of 
Point Sources (ICutriet al.ll2003l) . 

The X-ray emission of the SNR is most likely contaminated 
by the emission of these stellar objects. X-ray data with higher 
spatial resolution are necessary to separate the emission com- 
ponents. Therefore, we classfiy this XMM-Newton source as an 
SNR candidate. 

4.3. Sources which are classified as no SNR candidates 

4.3.1. [SPHll] 472: XMMM31 J004047.02+405146.7 

[SPHl 1] 472 is a soft X-ray source with hardness ratios indica- 
tive of an SNR. As no foreground star was found, it was sug- 
gested as an SNR candidate by PFH05 and SPHl 1. 

No diffuse optical line emission was detected in the LGGS 
Ha, [Sii], and [Oiii] images (Fig.|A^). The LGGS B, V, R, and 
/ band images show a red optical point-like source inside the 
error circle of the XMM-Newton source (Fig. [8] top right). This 
optical source LGGS J004046.96+405 148.2 has the colour V-R 
-1.4 and log(/x//opt) - -0.6, thus didn't only marginally fulfill 
the criterion for stars of V - R > 1, log(/x//opt) < -0.65 (see 
Sect. 9.1 in SPHll). Therefore, we re-classify the source as a 
foreground star candidate. 

4.3.2. [SPHll] 500: XMMM31 J004052.88+403624.4 

[SPHll] 500 is a hard X-ray source. Owing to the positional 
coincidence with the optical SNR candidate with low confidence 
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Table 5. XMM-Newton sources from SPHl 1, which are no longer classified as X-ray SNRs or SNR candidates after new analysis. 



[SPHll] 




Ho- 






[Sii] 




[Oiii] 


[S ii]/Hq' 


Class, by 


New 


ID 


[erg cm 


-2-1 -2n 

s arcsec J 


[erg cm 


-2-1 -2n 

- s arcsec -J 


[erg cm"^ s"' arcsec"^] 




SPHll" 


Class.'' 


472 


2.2e- 


-16±4.5e- 


-17 


1.4e~ 


-16+7.0e- 


■17 


0.0 


0.6±0.3 


<SNR> 


<fg star> 


500 


1.7e- 


-14±3.5e- 


-15 


5.4e- 


-15±2.7e- 


■15 


3.8e-15±1.9e-15 


0.3±0.2 


<SNR> 


<hard> 


509 


2.3e- 


-17±4.8e- 


-18 


6.4e- 


-17±3.2e- 


■17 


0.0e-^00±1.6e-17 


2.8±1.5 


<SNR> 


<fg star> 


682 


1.2e- 


-17±2.5e- 


-18 


3.6e~ 


-17+1.8e- 


■17 


0.0 


0.0 


<SNR> 




1121 


4.6e- 


-14±2.7e- 


-15 


9.6e- 


-15+2.0e- 


■15 


5.0e-15+5.6e-16 


0.2±0.1 


<hard> 


<hard> 


1156 


2.2e- 


-15±1.3e- 


-16 


1.8e- 


-15±3.7e- 


■16 


1.0e-15+l.le-16 


0.8±0.2 


<SNR> 


<hard> 


1437 


















<SNR> 




1461 


5.0e- 


44±2.9e- 


-15 


9.3e- 


-15+2.0e- 


■15 


4.3e-15+1.3e-15 


0.2±0.1 


<fg star> 


<fg star> 


1468 


5.1e- 


45±2.9e- 


16 


2.1e- 


15+4.3e- 


16 


4.4e-16+4.9e-17 


0.4±0.1 


<hard> 


<hard> 


1505 


2.8e- 


-16±8.5e- 


-17 




0.0 




2.8e-16±8.5e-17 


0.0 


<SNR> 


<AGN> 


1534 


8.4e- 


-16±2.5e- 


-16 


0.0+5.9e-17 


7.2e-16±2.2e-16 


0.0 


<SNR> 


<fg star> 


1608 


2.3e- 


-16±7.0e- 


-17 




0.0 




0.0±7.9e-18 


0.0 


<SNR> 


<fg star> 


1611 


1.8e- 


-14±1.0e- 


-15 


8.2e~ 


-15+1.7e- 


■15 


2.6e-14±7.9e-15 


0.5±0.1 


<hard> 


<hard> 


1637 


1.6e- 


-17±4.9e- 


-18 




0.0 




0.0 


0.0 


<SNR> 


<hard> 


1712 


1.8e- 


43±5.5e- 


-14 


9.4e- 


-14±2.0e- 


■14 


3.4e-14±1.0e-14 


0.5±0.2 


<SNR> 




1732 


7.2e- 


15±4.2e- 


16 


2.4e~ 


-15+4.9e- 


■16 


2.1e~15+6.4e-16 


0.3±0.1 


<SNR> 


<hard> 


1741 


1.6e-^ 


15±4.9e- 


-16 




0.0 




0.0±3.2e-17 


0.0 


<SNR> 


<fg star> 



Notes. Classification by SPHl 1. fg star: foreground star. The brackets <> indicate that these are candidates and the classifications hence need 
to be confirmed. New classification. 



suggested by MPV95 (source 3-027), the source was classified 
as an SNR candidate by SPHll. 

However, it is also listed in PFH05 and SBK09 as a hard 
source. An extended, diffuse source is visible at its position 
on the LGGS Ha image (Fig.|A^), however the flux ratio of 
[S ii]/Hq' - 0.3 + 0.2 is lower than what is typical for SNRs. 
Therefore, this hard X-ray source with an optical counterpart that 
is probably no SNR, is no longer an SNR candidate. 

4.3.3. [SPHll] 509: XMMM31 J004055.02-I-411216.4 

[SPHl 1] 509 is a soft X-ray source and was classified as an SNR 
candidate based on its hardness ratios by SPHl 1. 

However, on the LGGS B, V, R, and / band images, we find 
the star LGGS J004054.86-H41 1217.1 at the X-ray position with 
y - 7? = 1.3 and log(/x//opt) = -0.8 (Fig.jS] upper middle left). 
Therefore, we re-classify this sources as a foreground star can- 
didate. 

4.3.4. [SPHll] 682: XMMM31 J0041 40.28+405947.9 

[SPHll] 682 is the faintest source in our list with a detection 
likelihood of ML - 7.6. It was classified as an SNR candidate 
by SPHl 1 based on the hardness ratio criterion and the lack of a 
likely foreground star at its position. 

However, with HR2 - -0.48 ± 0.26, the criterion HR2 + 
EHR2 < -0.2 is only marginally fulfilled. Furthermore, the fact 
that even HR4 was determined indicates that there is a hard com- 
ponent. Only faint Ha and [S 11] emission and no [O iii] emission 
is detected in the LGGS data (Table |5]l. No radio counterpart is 
known either. Therefore, we revise its classification and leave 
the source without classification. 

4.3.5. [SPHll] 1156: XMMM31 J00431 0.43+41 3850.1 

[SPHl 1] 1 156 is a hard X-ray source, which was classified as an 
SNR candidate by SPHll based on the positional coincidence 
with the source K89A in BW93. 

[BW93] K89A is seen on the LGGS Ha and [S n] images to 
the west of the X-ray source position (Fig.|Af). It has a very 



faint [O III] emission and a flux ratio of [S ii]/Ha « 1 in the 
north. Therefore, the optical source was discussed as an SNR 
candidate. However, the XMM-Newton source is located east of 
[BW93] K89A and does not seem to be related to the optical 
source. 

New optical follow-up observations (Hatzidimitriou et al., in 
prep.) have shown that the spectrum taken at the position of the 
XMM-Newton source is a composite spectrum of an early-type 
star and a nebular source with [S n]/Ha' - 0.57 + 0.09. This is in 
agreement with the value derived from the LGGS images (Table 

m. 

Neither the X-ray emission nor the optical emission is thus 
clearly indicative of an SNR at the position of [SPHll] 1156. 
Therefore, we classify the X-ray source as <hard> based on the 
X-ray hardness ratios. 

4.3.6. [SPHll] 1437:XMMM31 J004421. 18+421 621. 9 

[SPHll] 1437 is a faint soft X-ray source with low ML - 8.5, 
which was suggested as an SNR candidate based on its hardness 
ratios by SPHl 1 (see Fig.©. 

The location of this source was not covered by the LGGS. 
Two faint sources are found on the SDSS-III r, /, and z band 
images inside the XMM-Newton error circle (Fig.0. These 
sources are not visible in the u band image. The so urces are listed 
in the USNO-Bl.O catalogue dMonet et alJl2003h . both with R = 
20.6, 21.4 and B = 19.6, 19.1, respectively. The XMM-Newton 
source [SPHl 1] 1437 is therefore most probably either a star or 
an AGN. We therefore no longer classify this source as an SNR 
candidate. 

4.3.7. [SPHll] 1505:XMMM31 J004442.73+41 5340.5 

[SPHll] 1505 is a hard X-ray source with hardness ratios of 
HRi = 0.50 + 0.27, HR2 = -0.73 + 0.27, HR3 = 0.97 + 0.04, 
and HR4 - 0.50 + 0.04. It was classified as an SNR candidate by 
SPHll based on its hardness ratios HR[ and HR2 and the lack 
of a foreground star at its position. 

The source is located south of the H 11 region [PAV78] 799 
(Fig.|Aj)). It is obviously not related to the Hn region. Instead, 
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% 



Fig. 11. Hubble Space Telescope ACS/WFC (F814W) image 
showing an extended source at the position of [SPHll] 1505, 
which seems to be a galaxy with an apparent extent of ~6" x 1". 
It obviously has a nucleus located ~0'.'5 distant from the XMM- 
Newton source position. The shown area has a size of ~15" x 
15". 

there is apparently a galaxy at its position as can be seen on 
an HST image taken with ACS/WFC using the filter F814W 
(Fig.fTTTi. This galaxy seems to have a clearly visible nucleus, 
which is located inside the 3cr error circle of the XMM-Newton 
source position. This source also has an extended infrared coun- 
terpart in the Wid e-field Infrared Surv ey Explorer (WISE) All- 
sky data release (ICutri & et al.l l2012h . Therefore, we classify 
[SPHl 1] 1505 as an AGN candidate. 

4.3.8. [SPH11] 1534: XMMM31 J004450.02-I-41 5240.9 

[SPHll] 1534 is a soft X-ray source and was classified as an 
SNR candidate by SPHl 1 based on its hardness ratios. 

It is located near the optical SNR [BW93] K567 and its radio 
counterpart [B90] 308, which is seen at the northern edge of the 
Ha image (Fig.|Aj)). However, two faint red sources are found 
on, e.g., the LOGS R band image at the position of the XMM- 
Newton source, which are most likely stars (Fig.|8] lower middle 
left). The X-ray source seems not to be related to the SNR to 
the north. Because optical point sources are found, we no longer 
classify the X-ray source as an SNR candidate. 

4.3.9. [SPHll] 1608:XMMM31 J00451 7.87+420502.1 

[SPHl 1] 1608 is a faint soft X-ray source, which was classified 
as an SNR candidate by SPHl 1 based on its hardness ratios. 

In the LGGS data, only faint Ho- emission was detected. The 
LGGS R, V, and B band images show a point source at the posi- 
tion of the XMM-Newton source (Fig.|8] lower middle right). 
This optical source (LGGS J004517.84-H420501.7) has V - R 
= 1.2 and log(/x//opt) = -0.6, thus did not marginally fulfill 
the criterion for stars (Sect. 9.1 in SPHll, see also Sect. 14. 3. Ti l. 
However, as there is a star within the X-ray error circle and no 
additional extended source in the optical that is indicative of an 



SNR, we now classify the X-ray source as a foreground star can- 
didate. 

4.3.10. [SPHll] 1637: XMMM31 J004528.35+41 4605.9 

[SPHl 1] 1637 is a hard X-ray source. It was suggested to be an 
SNR candidate by PFH05 and SPHll as it is located near the 
SNR candidate [MPV95] 1-013. 

The source [MPV95] 1-013 can be found at the top edge of 
the LGGS Ha and [S ii] images in Fig.|A]ll. The X-ray source 
is located south of it and does not seem to be related to the 
SNR candidate. Therefore, we no longer classify this hard X-ray 
source as an SNR candidate. 

4.3.11. [SPHll] 1712: XMMM31 J004556.01 +421 1 17.2 

[SPHl 1] 1712 is a faint, hard X-ray source. It is coincident with 
the optical source [BW93] K884 and was therefore suggested as 
an SNR candidate by SPHl 1. 

The optical source [BW93] K884, however, has been sug- 
gested to be a supershell (Fig.|A]l 1). The [S ii]/Hci' ratio derived 
from the LGGS data is 0.5+0.2 and hence more consistent with 
an H n region. 

The optical spectrum obtained in a new follow-up observa- 
tion by Hatzidimitriou et al. (in prep.) indicates a composite of 
a most likely highly reddened Be star and nebular emission. The 
[S ii]/Ua ratio of 0.36+0.08 is consistent with the LGGS value 
and not indicative of an SNR. 

As the X-ray source is hard and there is no optical emission 
suggesting an SNR nature, we no longer classify this source as 
an SNR candidate. 

4.3.12. [SPHll] 1732:XMMM31 J004602.53+414513.2 

[SPHll] 1732 is a hard X-ray source and was classified as an 
SNR candidate by PFH05 and SPHll as it is located near the 
source [MPV95] 3-111, which had been suggested to be an SNR 
candidate. 

However, [SPHll] 1732 is located -30" distant from 
[MPV95] 3-111. It is located at the edge of a large diff'use 
structure seen in Hff (Fig.|A]ll), but shows no clear correlation 
with the optical line emission. Therefore, we classify this X-ray 
source as a hard source and not as an SNR candidate. 

4.3.13. [SPHll] 1741:XMMM31 J004604.42+41 4943.2 

[SPHl 1] 1741 is a soft X-ray source with no optical counterpart 
that seems to be a foreground star Therefore, the source was 
classified as an SNR candidate by PFH05 and SPHl 1. It has also 
been detected with Chandra ([WGK04], [DKG04] nl-48). 

We find two optical point sources on the LGGS B, V, and 
R band images, one inside and one right outside the error circle 
of the XMM-Newton source (Fig. [8] bottom). The optical source 
inside the eiTor circle (LGGS J00460.38 +414944.0) has the op- 
tical colour y - = 1.3 > 1 and log(/x//opt) = -1.3 < -0.65, 
indicative of a star. Therefore, we classify the X-ray source as a 
foreground star candidate. 

5. Comparison to other X-ray catalogues 

5.1. Comparison to the ROSAT catalogue 

In the ROSAT source catalogues of SHP97 and SHLOl, 
16 sources were classified as SNRs. Thirteen out of the 
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16 sources were detected in the XMM-Newton survey. No 
counterpart was found for the ROSAT sources [SHLOl] 129 
(RX J0041. 9+4046), [SHP97] 203 (RX J0042.8+4125), and 
[SHP97] 258 (RX J0043.9+4152). 

The ROSAT source [SHP97] 284 (RX J0044.6+4125) is 
located between two XMM-Newton sources: [SPHU] 1497, 
which is an SNR with optical and radio counterparts, and 1481, 
which was classified as an SNR candidate by SPHll based on 
its X-ray hardness ratios. Based on the new optical data of the 
LOGS, we confirmed [SPHll] 1481 as an SNR. 

We have classified [SPHll] 1079 ([SHP97] 212) as a new 
SNR based on the optical line emission. In addition, we have 
confirmed that three XMM-Newton sources [SPHll] 472, 682, 
and 1637 with i?OSAT counterparts ([SHP97] 92, [SHLOl] 110, 
and [SHLOl] 321, respectively) are no SNR candidates. 

5.2. Comparison to Chandra sources 

XMM-Newton detected five of six SNRs in M31 that were 
classified based on Chandra observations: [KGP02] r2-57 
([SPHll] 883), [KGP02] r3-84 ([SPHll] 1040), [KGP02] 
r2-56 ([SPHll] 1050), [KGP02] r3-69 ([SPHll] 1060), 
and [KGP02] r3-63 ([SPHll] 1234). The Chandra source 
CXOM31J004247.82-H41 1525.7 that was identified as an SNR 
by Kong et al. dlool source 2) is located between two bright 
sources and has not been resolved by XMM-Newton. 

IWilliams et al. ( 2004a) classified the Chandra source 
[WGK04] nl-85 (also [DKG04]) as a variable X-ray source co- 
incident with a radio SNR ([B90] 265 ). In addition, this sou rce 
was identified as a transient source bv IWilliams et al.l (|2006|) . It 
was not detected by XMM-Newton even though the position is 
covered by XMM-Newton observations, confirming its transient 
nature. Therefore, this source is not likely an SNR. 



6. Discussion 

6.1. Cumulative X-ray luminosity distribution 

We estimated the luminosity of the SNRs and candidates listed 
in Tables[3]and|4]and thus obtained a cumulative luminosity dis- 
ti-ibution of the SNRs in M 3 1 . For the M 3 1 SNRs we converted 
the XMM-Newton count rates into flux by assuming a thermal 
spectrum with kT = 0.2 keV, absorbed by a foreground col- 
umn density of A^h(MW) = 0.7 x 10^' cm"^ and an additional 
A^h(M31) - 1.0 X 10^' cm~^ similar to values of the fits of the 
four brightest sources [SPHll] 969, 1050, 1066, and 1234. We 
simulated the flux assuming different models by varying the tem- 
perature in the range of kT = 0.1 - 0.3 keV and the foreground 
absorption A^h(M31) = 0-2x10^' cm"^ for the observed count 
rates and obtained an uncertainty of ~20%. Assuming CIE or 
NEI model results in a diff'erence in flux of ~10% (see Table 
|2|l. As most of the sources are too faint to distinguish between 
CIE and NEI, we assume the same APEC model for all sources. 
For the cumulative luminosity distribution plot shown in Fig.[T2l 
the luminosities in the energy band of 0.35 - 2.0 keV were cal- 
culated with the foreground absorption set to zero. We also in- 
cluded the source CX OM31J004247.82+ 41 1525.7, which was 
identified as an SNR by 'Kong et alj ll2003h but not resolved with 
XMM-Newton (see Sect. l5.2b . F or compari son, the luminosities 
for M 33 SNRs taken from Long et al.1 (1201 0) are plotted as well. 
Th ese luminos i ties w ere converted from Chandra count rates 
by iLong et all (1201 Oh assuming a thermal plasma model with 
kT - 0.6 keV and an absorbing A^h = 5.0 x 10^° cm"^, which 
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Fig. 12. Cumulative luminosity distribution of X-ray SNRs and 
candidates in M 31 listed in Tables[3]and|4]for the band of 0.35 - 
2.0 keV (solid line). For comparis on, the di stribution of SNRs in 
M33 is also shown (dash-dotted. iLong et al. 2010) . The dotted 
lines show the power-law fits. The power-law index a is given. 

correspond to the best fit values for the brightest SNRs in M 33 
observed with Chandra. 

As one can see in Fig. [12] the slope of the cumulative lumi- 
nosity distribution of X-ray SNRs in M 3 1 and M 33 are compa- 
rable. Both distributions can be fitted with a power law with an 
index of o- a: -1. The distribution in M 33 seems to deviate from 
this power-law distribution for luminosities > 5 x lO-'^ erg s"' 
showing an excess. The slight difference in the shape of the cu- 
mulative luminosity distribution might indicate that the fraction 
of more luminous SNRs in M33 is higher than in M31. There 
are 24 sources brighter than 5 x lO-'^ erg s"' in M 3 1 and nine in 
M 33. Above 10"^ ^ erg s~', there are 13 sources in M 31 and seven 
in M 33 (see also lGhavamian et aUlIOOllLong et alj|2010h . 

The number of SNRs in M 33 is higher than what is ex- 
pected if we simply scale with the total mass of the galaxy, as 
M33 is about 10 tim es less massive than M31 (CorbelH 2003|; 
IWatkins et al.l 12010 ). M 33 is a typical flocculent spiral galaxy 
with discontinuous spiral arms, in which star formation regions 
are found. In contrast to grand design spirals such as the Milky 
Way or M 3 1 , in which density waves are believed to produce the 
spiral arms, gravitational instabilities together with turbulence in 
the interstellar medium seem to be the origin of the spiral struc- 
ture _and_fliu^_fli£_oi>gom^ galax- 
ies ( Sellwood&Carlber g 1984: Elmegreen et al.ll2003l and ref- 
erences therein). The star formation rate in the disk of M31 is 
0.27 yr ' for 6 < < 17 kpc dTabatabaei & Berkhuiiseiil 
'20 lO') corresponding to a star formation rate per unit area of 
2^SFR = 0.4Mq Gyr"' pc"^. This value is about six times lower 
than in M33, for which a star formation rate per unit area of 
SsFR = 2 - 3Mq Gyr"' pc"^ has been measured (IVerlev et al.l 
2003)- The higher star formation rate implies a higher rate for 
the occurrence of core-collapse SNRs in M 33. 

In addition, one should note that our list of SNRs in M 3 1 is 
based on XMM-Newton observations whereas the M 33 SNRs 
have been detected in a survey performed with Chandra. Not 
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only was the Chandra survey of M33 deeper, but the supe- 
rior angular resolution of Chandra made it possible to detect 
smaller and thus most likely younger SNRs in M33, which 
would not have been resolved and classified as an SNR in an 
XMM-Newton observation. However, the Chandra M 33 survey 
only observed the inner part of the galaxy inside the D25 ellipse, 
whereas the XMM-Newton M 3 1 survey fully covered the D25 
ellipse. 

6.2. Radial distribution 

In the shock waves of SNRs, particles can gain energie s up 
to 10' ^ e V or higher due to diffusive shock accele ration (iBelll 
Il978allbl: iBlandford & Ostrikedll978[ lHillasll2005h . Therefore, 
SNRs together with pulsars are thought to be the primary sources 
of Galactic cosmic rays (CRs). The distribution of SNRs and 
pulsars in our Galax y is a crucial basi s for th e understanding of 
the CR distribution. IStecker & JonesI (1 1977 1) studied the radial 
dependence of the Galactic SNR s urface density usi ng observa- 
tional SNR data of lKodairal (fl97?) and pulsar data of lSeiradakisI 
(fT977h and showed that it can be described as oc x" exp (-x/R) 
with X being the radial dista nce to the Galactic ce ntre. Using only 
Galactic shell-type SNRs, iLeahv & Wul (11989 ) found a peak 
in the surface den sity distribution at 4 - 6 kp c distance from 
the Galactic centre. Case & Bhattacharya (1998) re-analysed the 
Galactic SNR data and suggested to use a dependence of the type 
oc sin{nx + ff) exp (-x/R) for the radial surface density distribu- 
tion. They obtained a scale length of ~ 7 kpc and a maximum of 
the distribution at about 5 kpc. Based on the obtained distribution 
of SNRs in our Galaxy, the spectral distribution of Galactic CRs 
can be mo delled to exp lain the CR spectrum up to 10'^ - lO'^ eV 
(see, e.g.. lHillasll2005h . However, our vantage point is not ideal 
to study the source distribution in our Galaxy. To understand the 
distribution of SNRs in a spiral galaxy, it is thus necessary to 
study the most nearby spiral galaxies M 31 and M 33. 

In order to obtain the radial distribution of SNRs in M 3 1 , the 
positions of the SNRs and candidates in Tables[3]and|4]as well as 
the source CXOM31 J004247.82-)-41 1525.7 were first corrected 
for projectio n and their galactocentric distances were computed. 
IStiele et al.l (201 11) have also presented the radial distribution of 
SNRs and candidates in M 3 1 detected in the XMM-Newton LP. 
For comparing M31 and M33, the radial distances were nor- 
malised to R25 = D25/2. The positions of sources were binned 
into equidistant radial bins and the surface density was calcu- 
lated for each annulus. The parameters used, i.e., distance, incli- 
nation angle, position angle, and D25 are listed in Table |6] The 
SNR surface densities are plotted against the normalised radial 
distance in Fig. [13] We fitted the obtained radial surface density 
distribution of the SNRs in each galaxy with the model distribu- 
tion introduced for the radio selected SNRs in the Milky Way 



0.0 



fix) ^Cx" exp(-x/R) 



(1) 



with a maximum at a radial distance of s everal kpc from 
the Ga lactic centre as originally suggested by IStecker & JonesI 
( 1977h. The pararneters of the distribution obtained by 
ICase & Bhattacharval (Il998h for our Galaxy are C = 136.5, a = 
2.00, and R = 0.14. The best-fit model curves according to Eq.[T] 
are plotted in Fig. [13] with dotted lines. This radial SNR distri- 
bution in M 31 and M 33 is different from the mass distribution 
of these galaxies derived f rom the rotation curves (e.g.. lCorbellil 
l2003H Corbelli et al.'2010'. and references therein). The SNR dis- 
tribution rather seems to follow the distribution of stars and gas, 
similar to what had been suggested for the Milky Way. For com- 
parison, we also plot the distribution for the Milky Way nor- 
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Fig. 13. Surface density of SNRs and candidates in M 3 1 (this 
work) and M33 (iLong et al.li2010) plotted over the radius nor- 
malised to 025/2 (D25 = 155.5' 52.6 ' for M 31 and M33, re- 
spectively, Ide Vaucouleurs et"an 11991 ). The radial distance in 
kpc is given along the upper x-axis. Dotted lines show the fit- 
ted model function f{x) - Cx" exp {-fix), dashed lines show the 
model function for the Milky Way normalised to the maximum 
ofM31 orM33. 

malised to the fitted maxima of the distributions in M31 and 
M33. The fitted curve indicates a maximum at about 5.5 kpc 
and 2 kpc for M31 and M33, respectively, corresponding to 
~0.3 R25 for both galaxies. The distribution in M31 seems to 
be almost flat for < 17 kpc ^ R25 and falls exponentially outside 
~ 1.0 R25, while the distribution in M33 falls off" exponentially 
for > 4 kpc X 0.65 R25. This behaviour of the SNR distribution in 
M 31 seems to be correlated with the distribution of gas in M 31, 
which is known to have ring-like structures consisting of many 
spiral arms between a radius of ~ 5 kpc to 20 kpc, with the most 
prominent ring found at a radius of ~ 10 kpc (ISofue & Katol 
.1981;,Braua,1991,) . 



7. Summary 

We have studied the X-ray and optical properties of SNRs and 
candidates in the source catalogue of the XMM-Newton LP sur- 
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Table 6. Geometric parameters of M 3 1 and M 33 used for the calculation of the radial SNR number density distribution. 



Galaxy 


Distance" [kpc] 


Position Angle* 


Inclination Angle* 


Corrected D25* 


Ris [kpc] 


M31 


744 


35° 


71° 


155:5 


16.8 


M33 


805 


23° 


54° 


52:6 


6.2 



Notes. IVilardell et ai] JMoh for M 3 1 and lScowcroft et al.l ( |2009|> for M 33. <*' Ide Vaucouleurs et al.l ( fT99ll) . 



vey of M 31. For the optical analysis we used the Ho-, [S n], and 
[Om] emissio n line images as well as the UBVRI band images 
of the LOGS dMassev et alj|2006.) . which covered M 31 in ten 
fields. 

In addition to the 56 SNRs and candidates in the XMM- 
Newton survey source catalogue by SPHll, we found seven 
sources, which had not been classified as SNR candidates but 
showed optical line emission indicative of SNRs. Therefore, we 
included these seven sources also in the list of studied sources. 
We extracted X-ray spectra of the twelve brightest sources. 
Only four of the sources have high enough statistics to perform 
a more detailed analysis of the X-ray spectra taken with the 
XMM-Newton EPIC instruments. For the three brightest sources 
([SPHll] 969, 1066, 1234) a colHsional ionisation equilibrium 
model (APEC) does not reproduce the spectra well, while a non- 
equilibrium ionisation model (NEI) improves the fit. Two ther- 
mal components with two different temperatures are necessary 
for the spectrum of [SPHll] 1234 to achieve a satisfactory fit 
indicating that the X-ray emission is a superposition of at least 
two emission components. 

For each SNR and candidate we measured the Ha, [S 11], and 
[O m] fluxes as well as the [S n]/Ha flux ratio and thus confirmed 
five new X-ray sources as SNRs. We want to point out that 
the final classification of this work applies to the X-ray source. 
Therefore, if, for example, the optical counterpart is likely an 
SNR but the X-ray source is either a soft source with a star in 
the positional error circle or is a hard source, the X-ray source 
was classified as an SNR candidate. 

We identified 17 sources, which are either hard X-ray 
sources with no optical counterpart indicative of an SNR or with 
an optical counterpart that is likely a star or a background AGN. 
Therefore, we excluded these sources from the list of SNRs or 
candidates. In particular, source [SPHll] 1505, for which we 
found a galaxy with a blight nucleus as an optical counterpart, 
has been classified as an AGN candidate. 

From the XMM-Newton LP survey catalogue, we have thus 
obtained a list of 26 X-ray SNRs and additional 20 bona-fide 
X-ray SNR candidates in M 31. The brightest SNRs have X-ray 
luminosities of ~ 8 x lO-'^ erg s"' in the 0.3 - 2.0 keV band. 
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Appendix A: XMM-Newton and LGGS images 
See iigal.jpg to iigal2.jpg. 
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Appendix B: Supernova remnants and candidates in the XMM-Newton I\/I31 large survey catalogue 



Table B.l. X-ray SNRs and candidates in the XMM-JVewtoJi M 3 1 survey catalogue bv lStiele et"al](l2011l) . 



[SPHll] 


RA (2000.0) 


Dec (2000.0) 


Pos. error 


Rate 


ML" 


HRi" 


HR2" 




HR4" 


ID 






[arcsec] 


[cts/s] 












SNRs-^ 


182 


00 39 23.50 


+40 44 19.1 


5.30 


2.0e-3±5.0e-5 


13 


0.95±0.27 


-0.64±0.20 






263 


00 39 45.28 


+40 29 49.9 


3.37 


3.7e-3±4.0e-5 


96 


0.42±0.10 


-0.93+0.09 






474 


00 40 47.19 


+40 55 24.6 


2.69 


6.4e-3±6.0e-5 


180 


0.90±0.06 


~0.63±0.08 


-0.88+0.20 




668 


00 41 35.76 


+41 06 55.0 


4.50 


9.8e-3±2.0e-4 


62 


0.71±0.17 


-0.30+0.15 


-0.80+0.28 


0.83±0.25 


883 


00 42 24.41 


+41 17 29.8 


2.65 


3.7e-3±4.0e-5 


52 


0.80±0.07 


-0.98±0.06 






1040 


00 42 49.11 


+41 24 06.6 


2.38 


9.2e-3±5.0e-5 


330 


0.48±0.05 


~0.84±0.05 


-1.00+0.27 




1050 


00 42 50.47 


+41 15 56.7 


3.28 


l.le~2±9.0e~5 


73 


0.53±0.08 


-0.96+0.06 






1066 


00 42 53.53 


+41 25 51.0 


1.89 


3.5e-2±1.0e^ 


1400 


0.56±0.03 


-0.70±0.03 


-0.94+0.11 




1234 


00 43 27.93 


+41 18 30.5 


1.79 


7.4e-2±1.0e^ 


6300 


0.44±0.02 


-0.71±0.01 


-0.95+0.03 




1275 


00 43 39.27 


+41 26 53.0 


2.12 


2.9e-2±1.0e^ 


1200 


0.39±0.04 


-0.76±0.04 


-0.87±0.12 




1291 


00 43 43.97 


+41 12 32.7 


2.15 


1.7e-2±8.0e-5 


620 


0.77±0.04 


-0.45+0.04 


-0.94+0.06 




1328 


00 43 53.69 


+41 12 04.4 


2.80 


l.le-2±8.0e-5 


270 


0.53±0.07 


-0.58+0.07 


-1.00+0.12 




1351 


00 43 58.25 


+41 13 28.7 


3.17 


6.0e-3±6.0e-5 


86 


0.42±0.10 


-0.78±0.10 


-0.48±0.43 




1372 


00 44 04.71 


+41 48 46.7 


6.39 


2.0e-3±6.0e-5 


9.0 


0.78±0.28 


-0.55±0.24 




1.00±0.26 


1386 


00 44 09.53 


+41 33 20.9 


4.49 


2.0e~3±3.0e--5 


26 


0.42±0.17 


-0.78+0.13 






1410 


00 44 13.55 


+41 19 54.3 


3.26 


7.8e~3±8.0e--5 


120 


0.92±0.07 


-0.37+0.09 


-0.72+0.17 




1497 


00 44 38.91 


+41 25 28.8 


5.17 


5.4e-3±1.0e-4 


20 


0.72±0.17 


-0.46±0.19 


-0.68±0.29 




1522 


00 44 47.19 


+41 29 18.7 


4.83 


4.1e-3±6.0e-5 


34 


0.44±0.14 


~0.70±0.14 






1535 


00 44 51.07 


+41 29 05.9 


2.71 


1.5e-2±1.0e^ 


250 


0.18±0.08 


~0.22±0.09 


-0.51+0.12 


-0.55+0.53 


1539 


00 44 52.82 


+41 54 58.1 


3.81 


1.9e-3±3.0e-5 


22 


0.70±0.21 


-0.08+0.18 


-0.62+0.23 




1587 


00 45 10.59 


+41 32 51.3 


4.69 


3.3e-3±7.0e-5 


22 


0.31±0.19 


-0.67±0.35 






1593 


00 45 12.31 


+42 00 29.6 


4.16 


1.6e-3±3.0e-5 


13 


0.89±0.16 


-0.43+0.18 


-0.10+0.32 




1599 


00 45 13.94 


+41 36 15.5 


2.52 


1.9e~2±1.0e-^ 


590 


0.71±0.05 


-0.55+0.05 


-1.00+0.05 




1793 


00 46 24.71 


+41 55 41.6 


3.18 


4.7e~3±5.0e-5 


140 


0.55±0.09 


-0.66+0.10 


-0.87+0.37 




1805 


00 46 27.91 


+42 08 06.7 


4.03 


7.4e-3±8.0e-5 


120 


0.45±0.09 


-0.73+0.10 


-1.00+0.43 




SNR candidates'' 


294 


00 39 58.28 


+40 27 26.2 


2.08 


1.9e-2±8.0e-5 


1300 


0.64±0.03 


-0.61+0.04 


-0.95+0.07 




414 


00 40 30.46 


+40 27 56.0 


5.38 


4.1e-3±8.0e-5 


19 




0.45±0.23 


-0.34±0.21 


-0.22±0.39 


419 


00 40 31.92 


+40 58 37.4 


4.85 


2.1e-3±4.0e-5 


15 


0.20±0.20 


-0.82+0.23 






441 


00 40 40.39 


+40 30 12.3 


4.28 


3.7e-3±6.0e-5 


41 


0.75±0.12 


-0.74±0.15 






472 


00 40 47.02 


+40 51 46.7 


4.04 


3.5e~3±5.0e~5 


44 


0.61±0.13 


-0.70+0.15 






500 


00 40 52.88 


+40 36 24.4 


3.07 


5.6e-3±6.0e-5 


94 


0.69±0.30 


0.70±0.11 


-0.18±0.10 


-0.42±0.23 


509 


00 40 55.02 


+41 12 16.4 


5.23 


2.2e-3±4.0e-5 


12 


0.52±0.19 


-0.67±0.19 






521 


00 40 58.94 


+41 03 00.6 


6.72 


2.2e-3±5.0e~5 


10 


0.80±0.19 


-0.46+0.20 


-0.88+0.38 




560 


00 41 08.08 


+40 31 42.4 


4.04 


5.6e~3±7.0e~5 


53 


0.66±0.11 


-0.71+0.12 


-0.16+0.40 




682 


00 41 40.28 


+40 59 47.9 


5.11 


1.6e-3±4.0e-5 


7.6 


0.61±0.23 


-0.48±0.26 


0.11±0.38 


-0.27+0.57 


969 


00 42 39.82 


+40 43 18.8 


1.84 


7.3e-2±2.0e^ 


4800 


0.06±0.02 


-0.75±0.02 


-0.92+0.07 




1079 


00 42 55.50 


+40 59 46.4 


3.00 


5.1e~3±6.0e-5 


110 


0.77±0.09 


-0.69+0.11 


-0.90+0.37 




1083 


00 42 56.78 


+40 57 18.5 


3.51 


2.0e--3±3.0e~5 


28 


0.43±0.14 


-0.98+0.09 






1148 


00 43 08.85 


+41 03 05.4 


5.25 


2.7e-3±5.0e~5 


16 


0.66±0.16 


-0.60±0.21 






1156 


00 43 10.43 


+41 38 50.1 


4.80 


2.3e-3±4.0e-5 


24 




0.98+0.32 


0.25±0.19 


0.10±0.19 


1282 


00 43 41.57 


+41 34 06.6 


6.59 


2.4e~3±3.0e-5 


38 


0.08±0.14 


-0.96+0.15 






1332 


00 43 54.13 


+41 20 47.3 


6.10 


4.7e~3±8.0e--5 


22 


0.12±0.17 


-0.91+0.18 






1370 


00 44 04.55 


+41 58 06.5 


5.05 


2.8e-3±6.0e-5 


21 


0.94±0.14 


-0.96±0.14 






1437 


00 44 21.18 


+42 16 21.9 


6.22 


2.1e-3±6.0e--5 


8.5 


0.73±0.21 


-0.64±0.25 






1481 


00 44 34.90 


+41 25 12.7 


5.69 


4.2e~3±8.0e~5 


20 


0.97±0.11 


-0.87+0.17 






1505 


00 44 42.73 


+41 53 40.5 


2.19 


7.0e-3±5.0e~5 


840 


0.50±0.27 


-0.73+0.27 


0.97±0.04 


0.50+0.04 


1534 


00 44 50.02 


+41 52 40.9 


3.67 


2.8e-3±5.0e-5 


26 


0.59±0.19 


-0.39±0.17 


-0.54±0.31 




1548 


00 44 55.73 


+41 56 55.2 


4.24 


1.9e-3±4.0e-5 


20 


0.95±0.13 


~0.34±0.19 


-0.83+0.34 




1608 


00 45 17.87 


+42 05 02.1 


6.19 


2.4e~3±5.0e-5 


14 


0.57±0.20 


-0.53±0.25 






1637 


00 45 28.35 


+41 46 05.9 


2.58 


5.7e-3±5.0e~5 


170 


0.34±0.33 


0.70+0.11 


-0.06+0.10 


-0.06+0.15 


1669 


00 45 38.26 


+41 12 46.9 


5.13 


3.4e-3±1.0e-4 


16 


0.65±0.31 


-0.61+0.38 






1712 


00 45 56.01 


+42 11 17.2 


4.60 


3.4e-3±7.0e-5 


18 


0.61±0.26 


0.04±0.25 


0.02±0.24 


-0.15+0.37 


1732 


00 46 02.53 


+41 45 13.2 


4.11 


4.3e-3±7.0e-5 


28 


0.95±0.64 


0.52+0.19 


-0.13+0.17 


-0.16+0.30 


1741 


00 46 04.42 


+41 49 43.2 


3.09 


5.6e-3±7.0e-5 


90 


0.33±0.11 


-0.65+0.14 


-0.78+0.42 




1748 


00 46 06.34 


+41 29 23.6 


4.21 


2.4e-3±4.0e-5 


27 


0.58±0.19 


-0.40±0.21 


-0.17+0.35 


0.54±0.23 


1796 


00 46 25.39 


+41 09 38.7 


5.06 


9.7e-3±2.0e-4 


32 


0.33±0.22 


-0.48±0.21 


0.33±0.27 


-O.59±0.43 



Notes. Detection likelihood. Hardness ratios. '''' Classification by SPHl 1. 
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Appendix C: SDSS images 

See flgcLjpg. 
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Appendix D: Sources with unchanged classification 

D.1. SNRs 

D.1.1. [SPH11] 182:XMMM31 J003923.50+404419.1 

[SPHl 1] 182 is a soft X-ray source with hardness ratios indica- 
tive of an SNR. No foreground star was found at its position. The 
X-ray source is coincident with the optical SNR [DDB80] 1-4, 
which corresponds to [BA64] 474 and [PAV78] 118. Based on 
these results the source was classified as an SNR by SPHl 1. 

The optical source is clearly visible in all three emission line 
images of the LGGS (Fig.|2]i and has a limb-brightened shell that 
is bright in the southeast. The diameter of the optical SNR is 
~16". We confirm the SNR classification based on the [S ii]/Ha' 
flux ratio (Table O. The LGGS UBVRI band images show sev- 
eral blue point-like sources at the position of the SNR indicating 
a group of young stars. 

D.I. 2. [SPH11]474:XMMM31 J004047. 19+405524.6 

[SPHl 1] 474 has hardness ratios indicative of an SNR and is co- 
incident with the optical SNR [DDB80] 1-7. A radio counterpart 
[GLG04] 68 was found with a = -0.25, which might indicate a 
PWN (GLG05). 

From the analysis of the LGGS narrow band images, we de- 
rive an [S ii]/Hci' flux ratio of 1 .0 + 0.5 (Fig.|A^) and thus confirm 
the SNR identification. The source is rather compact with a di- 
ameter of ~5", corresponding to ~18 pc. 

D.I. 3. [SPH11]883:XMMM31 J004224.41 +411 729.8 

[SPHll] 883 has hardness ratios indicative of an SNR and is 
coincident with the Chandra source [KGP02] r2-57, which has 
been identified as an SNR by WSK04 based on additional studies 
of LGGS and Very Large Array radio data. 

Its optical line flux ratio is [S ii]/Hq' = 0.9 + 0.2, corroborat- 
ing the SNR nature. The optical source has an arc-like structure 
with an extent of ~9" (Fig.lAl)-). It is brightest in the east. This 
source is the second closest SNR to the center of the galaxy with 
a galactocentric distance of about 860 pc. 

D.I. 4. [SPH11] 1040:XMMM31 J004249.1 1+412406.6 

[SPHll] 1040 is coincident with the Chandra source [KGP02] 
r3-84, which has been identified as an SNR by WSK04, as well 
as with the radio source [B90] 97. Therefore, it was classified as 
an SNR by PFH05 and SPHl 1. 

There is significant Ha, [Sii], and [Oiii] emission at its po- 
sition and the flux ratio of [S ii]/Ha' = 0.8 + 0.2 confirms its SNR 
nature (Fig.|A]l). The optical SNR has a patchy, ring-like mor- 
phology with an extent of ~6" and is brightest in the north. It is 
surrounded by faint, difi'use Ha emission. 

D.1.5. [SPHll] 1050:XMMM31 J004250.47+41 1556.7 

[SPHl 1] 1050 is a soft source and is coincident with the Chandra 
source [KGP021 r2-56, which was identified as an SNR by 
iKong et al] j2003l) . Therefore, the XMM-Newton source was 
classified as an SNR by SPHl 1. The source also has an extended 
radio counterpart [B90] 101. It is located at a distance of about 
70" from the galactic center (i.e., about 250 pc). 

In the optical the SNR is a rather compact source with an 
extent of ~3" (Fig.|Ajl-). On the LGGS images, it is located at the 



edge of the central part of M 3 1 where the subtracted continuum 
images are saturated as can be seen on the [S ii]/Hq' ratio image. 

D.1.6. [SPHll] 1066:XMMM31 J004253.53+412551 .0 

[SPHll] 1066 is a bright X-ray source with a detection like- 
lihood of ML - 1400. It is coincident with a Chandra source 
that has been classified as an SNR by KGP02 (r3-69), the opti- 
cal SNR [DDB80] 1-13 ([BA64] 521), and its radio counterpart 
[B90] 106. Therefore, the XMM-Newton source was classified 
as an SNR by PFH05 and SPHl 1. 

There is significant He, [Sii], and [Oiii] emission at its po- 
sition and the flux ratio of [S ii]/Ha - 0.9 + 0.2 confirms its SNR 
nature (Fig. [A]!). It is slightly elongated in the north-south direc- 
tion with a size of ~4" x 8", being brighter in the south. The 
relatively hard X-ray spectrum and the rather small extent of the 
source seen in the optical suggest that it is a young SNR. 

D.I. 7. [SPHll] 1234: XMMM31 J004327.93+41 1830.5 

[SPHl 1] 1234 is the brightest source in our list with ML - 6300 
and is a soft X-ray source. It is coincident with th e Chandra 
source [KGP02] r3-63 identified as an SNR by Kong et alj 
(l2002ah . the optical SNR [MPV95] 2-033, and the radio source 
[B90] 142. Therefore, it was classified as an SNR by PFH05 and 
SPHll. 

Its XMM-Newton spectrum is best fitted with a combination 
of two thermal components (see Sect. l3.1b . The soft X-ray spec- 
trum indicates that it is not strongly absorbed. In addition, since 
there is significant emission even below 0.5 keV but almost no 
emission above 1 keV this source might be a rather old SNR. 
The optical source seen on the LGGS Ha, [S ii], and [Oiii] im- 
ages has a horse-shoe shaped structure with an extent of ~8", 
corresponding to 50 - 60 pc (see Fig.|A}5). It is brighter on one 
side (northwest) and is open to the other side (southeast), typical 
for SNRs evolving in a medium with a density gradient. There is 
also significant extended diffuse emission visible in the optical 
emission line images around the SNR, which indicates that the 
SNR might be embedded in a superbubble. The X-ray spectrum 
of the SNR might therefore be contaminated by thermal emis- 
sion from the interstellar gas in its environment. 

D.I. 8. [SPHll] 1275:XMMM31 J004339.27+41 2653.0 

[SPHll] 1275 is a bright source (ML = 1200) embedded in 
a region with soft diffuse emission. The X-ray position agrees 
very wefl with the optical SNR [MPV95] 3-059, which is also a 
radio source ([B90] 158). Therefore, the source was classified as 
an SNR by PFH05 and SPHl 1. 

Its [S ii]/Ha flux ratio is 0.9+0.2. The SNR has a half-circular 
shape in the optical, which is open to the northwest and has an 
extent of ~7" (Fig.|Af ). 

D.I. 9. [SPHll] 1291: XMMM31 J004343.97+41 1232.7 

[SPHll] 1291 is a soft X-ray source and has been classified as 
an SNR based on its positional coincidence with the radio source 
[B90] 166, which is an extended continuum source. O06 also 
discussed the possibility of this source being an SNR ([O06] 4). 

In the optical it is located in between two diffuse sources 
in the east and the south visible in Ha, most likely H ii regions 
(Fig.|Aj3). There is neither significant [Sii] nor [Oiii] emission. 
Therefore, the source is most likely a non-radiative SNR. 
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D.1.10. [SPH11] 1328:XMMM31 J004353.69+41 1204.4 

[SPHll] 1328 is a soft X-ray source coincident with the opti- 
cal SNR [BW93] K230A (Fig.[At7) and was thus classified as an 
SNR by PFH05 and SPHll. Radio emission that fills the west- 
ern half of the gap between the optical line emission was also 
found. 

In the optical, the source consists of brighter regions in the 
north and the south, which are both extended to the east-west 
direction, thus forming a parallel structure. The entire structure 
has an extent of ~15". 

D.I. 11. [SPHll] 1351:XMMM31 J004358.25+41 1328.7 

[SPHll] 1351 is a soft source coincident with the optical SNR 
[BW93] K252 ([DDB80] 18) and the radio source [B90] 199. 
Therefore, it was classified as an SNR by PFH05 and SPHl 1. 

In the optical the source has an extent of ~12" and is located 
on the southern edge of the more extended structure visible on 
the Via image (Fig.|A]7). The [S n]/Ha' flux ratio of 0.8 + 0.2 ful- 
fills the criterion for SNRs. In the optical, the source has a half- 
shell structure in the south with filaments extending to the north. 
In general, it has a patchy morphology. 

D.I. 12. [SPHll] 1386:XMMM31 J004409.53+41 3320.9 

[SPHl 1] 1386 is a soft X-ray source. In the catalogues of PFH05 
and SPHll it was classified as an SNR based on the positional 
coincidence with the radio source [B90] 217. 

It is located inside the Hii region [WB92] 315, which can 
also be seen in the LGGS images (Fig.|Af ). The [S ii]/Hq' flux 
ratio at the X-ray position is low 0.2). Therefore, the source 
is likely a non-radiative SNR. 

D.I. 13. [SPHll] 1410:XMMM31 J00441 3.55+41 1954.3 

[SPHll] 1410 is a soft source coincident with the optical SNR 
[BW93] K327 with the radio counterpart [B90] 224. Therefore, 
it was classified as an SNR by SPHl 1. 

The X-ray position coincides with a knot with an extent of 
~4" in the optical emission line images located at the south- 
ern edge of a more extended diffuse emission (Fig.|A^). The ex- 
tended emission is likely an H ii region, whereas the optical SNR 
has a flux ratio of [S n]/Ha' = 0.9 + 0.2. 

D.I. 14. [SPHll] 1497:XMMM31 J004438.91 +41 2528.8 

[SPHll] 1497 is a faint soft source and has been classified as 
an SNR by PFH05 and SPHl 1 based on its coincidence with an 
SNR candidate suggested by [MPV95]. It is the counterpart of 
the optical and radio SNR [BW93] K506A, [B90] 278. 

Its morphology of the optical line emission is that of a cir- 
cular shell with a diameter of ~12" and is best seen in the [S ii] 
image (Fig.|A})). There is a bright blob-like Ha source east to the 
SNR. While the SNR shefl has an [Sii]/Ha flux ratio of -1.0, 
the Ha blob makes the [S ii]/Ha ratio of the total SNR lower 
(0.5 + 0.1). 

D.I. 15. [SPHll] 1522: XMMM31 J004447.1 9+41 291 8.7 

[SPHl 1] 1522 is a soft X-ray source and coincides with the op- 
tical SNR [BW93] K548 and was thus identified as an SNR by 
PFH05 and SPHll. 



A shell with an extent of ~10" is seen on the LGGS images, 
which is slightly elongated in the east- west direction (Fig. [At?) 
and is brighter to the west. Its [S ii]/Ha flux ratio of 1 .0 + 0.2 is 
clearly indicative of an SNR. A nebula bright only in Ha with a 
similar size is located northeast of the SNR. 

D.I. 16. [SPHll] 1539:XMMM31 J004452.82+41 5458.1 

[SPHll] 1539 is the X-ray counterpart of the optical SNR 
[BW93] K594 and its radio counterpart [B90] 316. Therefore, 
it was identified as an SNR by PFH05 and SPHl 1. 

It has an extent of ~8" in the optical and is brighter in the 
north (Fig.lAHO). Its [S ii]/Ha flux ratio is 1.0+0.4. 

D.I. 17. [SPHll] 1587:XMMM31 J00451 0.59+41 3251. 3 

[SPHl 1] 1587 is a faint, soft X-ray source and is positionally co- 
incident with a shell-type radio source [B90] 354 with an off'set 
of ~3". It has thus been classified as an SNR by SPHl 1. 

No optical emission is detected at its position. Therefore, the 
SNR seems to be non-radiative. 

D.I. 18. [SPHll] 1593:XMMM31 J00451 2.31 +420029.6 

[SPHl 1] 1593 is a faint, soft X-ray source and is coincident with 
a radio source [B90] 365 with an amorphous shape and was thus 
classified as an SNR by SPHll. 

Faint shell-like emission can be seen in Ha, [S ii], [O iii] im- 
ages (Fig.|A]10) with a diameter of about 30". Its optical flux ra- 
tio [S ii]/Ha is 1 .0+0.4, indicating its SNR nature. Therefore, we 
also classify this source as an SNR, most likely a highly evolved 
SNR. It is so far the largest X-ray SNR detected in M 3 1 . 

D.I. 19. [SPHll] 1599:XMMM31 J00451 3.94+41 361 5.5 

[SPHll] 1599 is the X-ray counterpart of the optical SNR 
[DDB80] 19 ([BW93] K717) and the radio source [B90] 367. 
It was identified as an SNR by PFH05 and SPHl 1. 

The optical SNR has an extent of ~10". It is bright in the 
west and has a diffuse extension to the east (Fig.|A]lO). The X- 
ray poisition coincides with the bright part in the optical. 

D.I. 20. [SPHll] 1793:XMMM31 J004624.71+415541.6 

[SPHl 1] 1793 is a soft X-ray source coincident with the source 
[PFH05] 745. The X-ray source has an extended radio counter- 
part [B90] 472 and was thus classified as an SNR by PFH05 and 
SPHll. 

Only faint emission is seen on the LGGS images (Fig.|A]l2). 
The optical flux ratio [Sii]/Ha is 0.7±0.3. Based on the X-ray 
properties and the coincidence with a radio continuum source, 
we also classify this source as an SNR, which is most likely 
non-radiative. 

D.I. 21. [SPHll] 1805:XMMM31 J004627.91 +420806.7 

[SPHll] 1805 is a soft X-ray source coincident with the radio 
source [B90] 476 and was thus classified as an SNR by PFH05, 
O06, and SPHll. 

Very faint optical line emission is detected on the LGGS im- 
ages. The [S ii]/Ha flux ratio of 3.0±1.1 is indicative of an SNR. 
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D.2. SNR candidates 

D.2.1. [SPH11] 294: XMMM31 J003958.28+402726.2 

[SPHll] 294 is a bright X-ray source with hardness ratios in- 
dicative of an SNR. As no foreground star is detected it has been 
suggested as an SNR candidate by PFH05 and SPHl 1. 

We have determined Ha and [S ii] fluxes from the LGGS im- 
ages, however, the source is very faint (Fig.|A]L). Therefore, we 
keep the classification of this source as an SNR candidate. If it is 
an SNR, the optical fluxes indicate that it is likely non-radiative. 

D.2.2. [SPH11]414:XMMM31 J004030.46+402756.0 

[SPHll] 414 is a hard source and thus was not classified as an 
SNR candidate based on the hardness ratios but has been sug- 
gested as an SNR candidate based on the positional coincidence 
with the radio source [GLG04] 198 with a radio spectral index 
of Of = -0.08. Its radio properties indicate emission from a PWN 
(GLG05). 

We detect neither Ha, [Sii], nor [Oiii] emission on the 
LGGS images (Fig.|A]l). Therefore, if the source is an SNR, it 
has to be non-radiative. A PWN might produce hard X-ray emis- 
sion. Based on the radio coincidence, we keep its identification 
as an SNR candidate. 



D.2.3. [SPH11] 419: XMMM31 J004031 .92+405837.4 

[SPHl 1] 419 is a soft X-ray source with hardness ratios indica- 
tive of an SNR. No optical source is detected at its position that 
might be a foreground star Therefore, it has been classified as 
an SNR candidate by SPHl 1. 

We do not detect any emission in the narrow-band filter im- 
ages of the LGGS (Fig.|A]l). If the source is an SNR it has to 
be non-radiative. Because of lack of additional information, we 
keep the SNR candidate classification. 

D.2.4. [SPH11] 441: XMMM31 J004040.39+403012.3 

[SPHl 1] 441 is a soft X-ray source with hardness ratios indica- 
tive of an SNR. No foreground star was found at its position. 
Therefore, it has been classified as an SNR candidate by PFH05 
and SPHll. 

Faint Ha and [S n] emission was detected in the LGGS 
images (see Table |4] and Fig.|A]l) on the northwestern side. 
However, this emission is not significant to classify the optical 
source as an SNR. Therefore, the XMM-Newton source remains 
an SNR candidate. 



D.2.5. [SPHll] 521: XMMM31 J004058.94+41 0300.6 

[SPHl 1] 521 is one of the faintest X-ray sources with a detection 
likelihood of ML -10. Its hardness ratios suggest that it is an 
SNR candidate. No optical counterpart was found that could be 
a foreground star It was therefore proposed as an SNR candidate 
by PFH05 and SPHll. 

The X-ray source seems to be surrounded by a very extended 
optical source, which is visible in Ha, [S ii], and [Oiii] (Fig.|A^) 
and has a low flux ratio [S ii]/Ha = 0.3 ± 0.2, hence is an H ii 
region. The X-ray source therefore remains an SNR candidate. 



D.2.6. [SPHll] 560: XMMM31 J0041 08.08+4031 42.4 

[SPHll] 560 is a soft X-ray source, which was classified as an 
SNR candidate by PFH05 and SPHl 1 based on its hardness ra- 
tios and the lack of a foreground star as a possible optical coun- 
terpart. 

Faint Ha and [S ii] emission was measured at its position on 
the LGGS images. This source thus remains an SNR candidate. 

D.2.7. [SPHll] 969: XMMM31 J004239.82+404318.8 

[SPHl 1] 969 is a bright X-ray source with a detection likelihood 
of ML - 4800. Its hardness ratios suggest that it is an SNR 
candidate. As no foreground star was found, the XMM-Newton 
source was suggested to be an SNR candidate by SPHll. The 
X-ray source has also been detected with Chandra ([WGK04] 
si -84). 

There is neither a point source nor significant extended emis- 
sion in the optical at and around the source. Without any confir- 
mation in optical or radio, this source is still classified as an SNR 
candidate. 

D.2.8. [SPHll] 1083:XMMM31 J004256.78+405718.5 

[SPHl 1] 1083 is a soft X-ray source with no foreground star at 
its position and hence has been classified as an SNR candidate 
by SPHll. 

No optical source is detected at its position on the LGGS 
images. Therefore, if it is an SNR, it is non-radiative. The source 
remains an SNR candidate. 

D.2.9. [SPHll] 1282:XMMM31 J004341 .57+413406.6 

[SPHl 1] 1282 is a soft X-ray source with no foreground star as a 
possible counterpart and thus was classified as an SNR candidate 
by SPHl 1 . PFH05 classified the X-ray as a candidate for a super- 
soft source. 

There is faint optical line emission on the LGGS image with 
an extent of ~14" (Fig.|Aj3). The flux ratio of 0.5 ± 0.1 is not sig- 
nificantly high enough to classify the optical source as an SNR. 
It is very diffuse and patchy, similar to [SPHl 1] 1 148 and 1328. 
This source still remains an SNR candidate based on its X-ray 
hardness ratios. 

D.2.10. [SPHll] 1332:XMMM31 J004354.1 3+41 2047.3 

[SPHl 1] 1332 is a soft X-ray source with no foreground star as 
possible counterpart, which was classified as an SNR candidate 
by PFH05 and SPHl 1 based on its hardness ratios. 

There is faint Ha and [O m] emission confirmed in the LGGS 
data, however no [S ii] emission was detected (see Table |4] and 
Fig.|A]7). A filament in Ha is visible with an extent of ~5". This 
source remains an SNR candidate. 

D.2.1 1. [SPHll] 1669:XMMM31 J004538.26+41 1246.9 

[SPHl 1] 1669 is a faint soft X-ray source, which was classified 
as an SNR candidate by SPHl 1 based on its hardness ratios and 
the lack of a foreground star as its possible counterpart. 

The position of the X-ray source was not observed by the 
LGGS. No optical counterpart is found on the SDSS-III images 
(Fig O upper left). Radio emission has not been detected at its 
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position so far either. This source remains an SNR candidate 
based on its X-ray properties. 

D.2.12. [SPH11] 1748:XMMM31 J004606.34-I-41 2923.6 

[SPHl 1] 1748 is a faint soft X-ray source, which marginally ful- 
filled the hardness ratio criterion for SNR candidates and has no 
optical counterpart indicative of a star. Therefore, it was classi- 
fied as an SNR candidate by SPHll. 

The LGGS did not cover the position of the X-ray source. 
The SDSS-III images show no source at the XMM-Newton po- 
sition inside the error circle (Fig.|C] upper right). A radio coun- 
terpart is not known either Therefore, this source remains an 
SNR candidate. 

D.2.13. [SPH11] 1796:XMMM31 J004625.39+41 0938.7 

[SPHll] 1796 was classified as an SNR candidate by PFH05 
and SPHl 1 based on HRi and HR2 and the lack of a foreground 
star at its position. 

The source was not covered by the LGGS. The SDSS-III im- 
ages show no source inside the XMM-Newton positional error 
circle (Fig.|C] lower panel). A radio counterpart is not known 
either. With no additional information available, this source re- 
mains an SNR candidate. 

D.3. No SNRs 

D.3.1. [SPH11] 1121:XMMM31 J004303.70+413717.2 

[SPHll] 1121 is a hard source and was not suggested to be an 
SNR candidate by SPHl 1. However, we have studied this source 
because of a coincident diffuse optical emission seen in Ha and 
[Sii]. 

Diffuse emission is seen both on the Ha and [S 11] LGGS 
images (Fig.|Af ). However, the flux ratio is [S ii]/Ha - 0.2 + 0.1, 
not indicative of an SNR. The diffuse optical source at and north 
of the X-ray emission is most likely an H 11 region. As this source 
is hard in X-rays and there is no optical counterpart indicative of 
an SNR, we do not classify it as an SNR candidate and keep the 
<hard> classification. 

D.3.2. [SPH11] 1461:XMMM31 J004428.62+41 4948.7 

[SPHll] 1461 is a soft source and was classified as a fore- 
ground star candidate by SPHll because stars with character- 
istic log(/x//opt) values are found in the X-ray error circle, with 
an optically red object close to the center of the X-ray error cir- 
cle. However, the Ha image also revealed a diffuse source right 
next to the X-ray source in the north. 

The diffuse optical source is visible in Ha, [S 11], and [Om] 
emission (Fig.|A^). The flux ratio [S ii]/Ha = 0.2+0.1, indicative 
of an H 11 region. Therefore, the origin of the soft X-ray emission 
seems to be either a star or an H 11 region and the source is no 
SNR candidate. 

D.3.3. [SPH11] 1468:XMMM31 J004430.56+41 2306.2 

[SPHll] 1468 is a hard X-ray source. As diffuse Ha emission 
was found in the optical we considered this source for further 
studies. 

The LGGS images show an extended diffuse source in Ha 
and [Sii] (Fig.|AB). The [Sii]/Ha flux ratio is 0.4 + 0.1. This 



value is at the border between SNRs and H 11 regions. While the 
more extended optical source seems to be an H 11 region, we can- 
not rule out that there is an SNR located at the same position. 
However, as the X-ray emission does not indicate an SNR, we 
do not classify [SPHl 1] 1468 as an SNR candidate. 

D.3.4. [SPH11] 1611: XMMM31 J00451 8.44+41 3936.3 

[SPHll] 1611 is a hard X-ray source coincident with [PFH2005] 
626 and [SBK2009] 220 and was classified as a hard source by 
SPHl 1 . Diffuse optical Ha [S 11], and [O iii] emission was found 
around the X-ray source. 

The extended optical source can be seen on the LGGS emis- 
sion line images (Fig.|A]l 1). The X-ray source is located close to 
the northern rim of the optical source, coincident with a brighter 
shell-like structure. The entire optical source has a flux ratio of 
[S ii]/Ha - 0.4 - 0.5. The optical source is most likely a large 
H II region. The X-ray hardness ratios do not even marginally in- 
dicate an SNR. Therefore, we do not consider this sources as an 
SNR candidate. 
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